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Legal Notice

This report was ﬁéepared as an account of governnent
sponsor ed wor k. ither the United States, nor the Maritime
Adm nistration (a) nakes any warranty or representation
express or inplied, with respect to the accuracy,

conpl eteness, or usefulness of the information contained in
this manual, or that the use of any information, apparatus,
met hod, or process disclosed in this report may not infringe
privately owned rights; or (b) assumes any liabilities wt
respect to the use of or for damages resulting fromthe use
of any information, apparatus, method, or process disclosed
in this report. As used in the above, "persons acting on
behal f of the Maritime Admnistration"” includes any enployee
or contractor of _

the Maritime Admnistration to the extent that such enpl oyee
or contractor prepares, handles, or distributes, or provides
access to any Information pursuant to his enploynment or
contract wth the Maritime Admnistration
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PROGRAM MANAGER S FOREWORD

This manual satisfies the deliverables requirenent for
the task “Training Manual for Flane Bending of Pipe”, sub-

contracted by Ingalls’ Shipbuilding Inc. to Puget Sound Naval
Shi pyard under Maritine Adm nistration Contract MA-80-SAC-

01041. It is the project report for the second SP-7  task
performed by Puget Sound Naval Shipy%{d in the area of flane
bending. In these tw projects, ‘the Welding Engineering
group at Puget Sound, with |eadership fr%m Poup COQLizer an

Frank Gatto, have researched the technological "basis an

principles of thermal bending and straightening and applied
that technology to nmarine piping Systenms. Consi der abl e
foundation material and quantitative data was devel oped and
presented in the first project report, NSRP .No. 0297, FLAME
BENDING OF PIPE FOR ALI GNMENT CONTROL.  That report included

not only extensive descriptions of equipnment and nmet hods of
acquiring process devel opnent data, but also |aboratory

eval uati ons which show no adverse effects of calibrated and

controlled thermal bending processes on Carbon Steel, copper-
ni ckel 90-10 and 70-30, and 300 series stainless steel pipes?

bot h new and previously used in sea-water systens.

In this report, the Puget Sound group’s prinmary effort
has been to set forth the technol ogy of flanme bendi ng of

pipes in a format which will serve as a guide for shipyards
to use in training personnel and in devel opi ng procedures
specific to their own requirenents. he I nformati on

contained in this and the previous report should enable
shi pyard personnel to reach the state-of-the-art and to
inplenent this technology wth mnimal cost and risk of
error.

The reader may note that the legal notice on the inside
cover touches some of the same points as the disclainer
provided by the authors. The first is the standard notice
whi ch acconpanies all NSRP project reports. The disclainer
provi ded by the authors was not edited out because it is
specific to the project and is especially relevant since this
report is likely to become not only a future research ref-
erence but also a working document. Every effort was made by
the authors to provide cautions regarding applications of
the technology with regard to both technical considerations
and to personnel health and safety. In that context the
caution in Appendix A on use of “typical” procedures bears
repeating: “these procedures or procedures simlar to them



shoul d not be inplenented W thout proper operator training
and without the procedure being properly qualified.”

The intent of this task was to develop a practical guide
for dissenmnation of flame bending technol ogy devel oped at
Puget Sound Naval Shipyard for application to piping _
systenms in any shipyard. A study of this project report wll
SKOW that objective to have been net W th a high level of
excel | ence.

* * *

The project which resulted in this report was submtted
to and approved by the Executive Control Board of the Ship
Production Comm ttee of SNAME and received financial support
from the Maritine Admnistration of the Departnent of
Transportation and the U S. Navy. The SP 7 panel Chairman
was Lee Kvidahl and the Program Manager was QO J. Davis,. both
of Ingalls Shipbuilding, Inc. The project admnistrator for
the Maritine Administration was Virgil Ri nehart, Seni or
Advi sor for Shipbuilding.

*  * N -4.4 Hoged (2791

Proer  am Manager, SP7
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This manual represents the collective effort
of many specialists and is intendgd to. Rrov{ He
an g e

assi stance i n understanding usl

fl ame bendi ng process. Care has been taken
to collect and present accurate, reliable
i nf or mati on. However, no representations or
warranties, express or inplied, @arée given in
connection with the accuracy or Cconpleteness
of this publication and no responsibili t?/]_ s
taken for any claims that may arise.  Nothing
contained in this manual is to be construed as

authorization for the use of any Process,
procedure, _method, technique or application

contained 1n this manual by any person or
persons, Organization, agency or other |egal
entity, corporate or Otherwse; nor as a
defense against liability for the infringenment
of letters patent, registered tradenark or
other protected right.

Vi



VHY |'S PI PE ALI GNVENT CRI Tl CAL?

Functional design failures can be the result of unanticipated
service stresses coupled with piping system dinensional
instability. For many purposes it is acceptable to assune that
pipes retain their original shape and relative position after being
pl aced in service. Unfortunately, a nunber of factors can
Invalidate this presunPtion commonly made by the inexperienced
designer. Large external installation alignnent |oads coupled with
other formng or manufacturing residual stresses can cause themto
becone dinensionally unstable in service.

SERVI CE RELATED FAI LURES

In nost cases stresses and the strains associated with this slight
metal novenent due to elastic |oads does not affect service.
However in sonme cases this stress and unanticipated service | oads
are extrenely critical. These conditions have caused piping and
machi nery failures. Many of which have been associated wth
turbines and punps. This unanticipated |oading has also resulted
in premature failures of piping systens disabling ships at sea
causing flooding of boiler roons and when fuel systens are involved
devel oping serious fire hazards.

Mbst of these failures are not due to internal residual stresses of
individual fittings as stress relief of separate conponents or
wel ds woul d resolve these failures. The majority of these failures
are due to strains caused by the inability to properly aligned pipe
and conponents to: turbines; valves; punps; and other critical
fittings for ships service. Frequently in the past if a pipe joint
was msaligned it was common to force the materials into alignnment
and bolt or weld the joint together. These large external applied
elastic loads to critical conmponents have been responsible for

hundreds of thousands of dollars of damage to marine vessels and
their machinery conponents.



CORRECTI NG M SALI| GNVENT

Pi ping system msalignnment can be minimzed by a nunber of
different techniques. The material can be cold bent by plastic
deformation to the desired shape; controlled distortion caused by
wel ding can be used to align piping systens; weld joints can be cut
and realigned;, |arge sections of the pipe can be heated and hot
stretched into shape and sonetinmes |ocal area spot heats (called
spot shrinking) is used to align pipe. Al of these processes have
1 mted success for critical applications. They can result in high
resi dual stress causing unanticipated service |oads and strains.
Al so these processes are to cunbersome to permt repeatable precise

control

Puget Sound Naval Shipyard has built upon what is called "Holt
Method". The Holt method in particular has the advantage of speed,

ease of use, and precise control that results in joints with | ow
stress levels that are stable in service. The “Holt Method" is
fast and with sone training it is easy to acconplish

Vili



APPLI CATI ONS

The techniques described here in are intended to produce accurate
flame bending with nminimal residual stress and nminor, 1f any,
resultant |ost of base metal specification properties.

The primary purpose of these bending techniques are:
...... to align piping systens to conmponents

. ..to align piping” flanges so that their gasket
surfaces are parallel

. . ..to increase or decrease the clearance between
fitting flanges

..to align bolt holes in mating system conponents
...... to align weld joints for fit up

It is essential that the process of alignnent result in m ninal

residual stress so that the joint connections do not create harnfu

in service strains. System operating |oads due to vibrations or
el evated tenperature thermal expansion stresses can cause elastically
| oaded (unstable) joints to inpose unanticipated service stresses on
system conponent’s. The resul't of which can result in nmechanica

machi nery failures or failed fluid boundaries.

ACCURACY

The processes described here in can achieve flan?e parallelismwthin
five thousandths of an inch (0.005") per inch of flange face w dth.
For exanple a flange wth a 5“ gasket seat can be made parallel wth
in 0.025". Higher accuracy than this is comonly achi eved. Long
stainl ess tubes with | ong sweepi ng bends of deviations greater than
one inch can be straightened with 0.001" per foot of length. A fifty
foot tube can be straightened within 0.030” total run out for its
entire |length. For many applications flame bending can frequently
achi eve desired results (straightness/parallelisn) within five
t housandths of an inch (0.0051") wth proper planning.

1-1



LOW RESI DUAL STRESS

Properly made and placed VEE heats on pipe are expected to produce
| ower residual stress than any other bending technique except those
that receive post bend stress relief. On structural shapes R E. Holt
has reported that “Properly placed heat patterns produce a residual
stress pattern that is lower in magnitude and nore uniformthan as
rolled material. Tests conducted by the US Arny Corps of Engineers
at Cear Al aska showed the flame straightened A36 beans were superior
to the as rolled beans".1

When very snmall novenents are required, spot heats are sonetines

necessary. Spot heats nade as described in this text nust be
considered to be at yield point tension and some what unstable due to
i n-service thermal and/or nmechanical fatigue. Whenever possi bl e,

brief run-in test trials should be performed to assure in-service
stability.

There has been very little research or test and eval uation work
acconplished to determ ne how | ow the residual stresses are but in
servi ce experience has denonstrated that proper flanme bendi ng of
pi ping to nmachi nery conponents such those involving main feed punp
turbines are nore stable in service than those aligned with other
standard alignnment techniques such as cold bendi ng(stretching), hot
bending (stretching), traditional flanme bending techniques by |ocal
spot heats or by the use of weld shrinkage. Puget Sound Nava

Shi pyard has experienced no known nmachinery failures due to piping
| oads on machi nery conponents since the Holt VEE heat technique has
been used. Prior to using the VEE heating technique nunerous
machi nery failures were attributed to elastic piping |loads (cold
spring) due to msalignment and or inproper alignnent techniques.

Al so numerous pipe | eakage problens have been attributed to inproper
alignment of flange makeup joints to rotating machinery.

lHolt, R E., “Primary Concepts for Flame Bending,” Welding
Journal, June 1971.
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RESTRI CTED EXPANSI ON AND FREEDOM TO CONTRACT

The primary nmechani sm by which flane bending operates is that the
base netal is heated under restricted expansion fco ression) and
is only free to thermally expand and plastically deformin the
t hrough t hi ckness dinension of the base netal. The end result is
that the heated area is generally thicker than the adjacent base
met al . Thus resulting in shorter dinmensions in the plane of the
base netal. It is extrenmely inportant that during all phases of
production work that this concept be kept in mnd and that “ALL
FLAVE BENDI NG WHEN ACCOWPLI SHED PROPERLY RESULTS | N | NCREASED
THI CKNESS AND SHORTER LENGTHS'. This shorter length if not
considered before flame bending is conmmenced nmay lead to
unsuccessful flame bending finish dinmensions and result in cutting
and rewel ding the pipe.
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MECHANI SM OF HEATI NG A SPOT

The followmng Figure 2.1 exhibits the primary mechani sminvolved in
heating a spot. If a spot is to be heated in the center of a
plate, the area being heated thermally expands as the tenperature
rises while the base netal adjacent to the spot being heated is
relatively cold. This relatively cold base netal restrains this
thermal expansion in the plane of the plate. This places the heated
area under high conpressive strain. he yield strain of the base
nmetal being heated decreases with increasing tenperature while the
adj acent base nmetal remains relatively higher due to its |ower
t enperature. As the spot is continued to be heated to higher
tenperatures and strains, it reaches yield point and the heated
area yields or plastically flows perpendicular to the plate
surf aces. As the heated spot cools off the area around the
eri phery of the spot that plastically deforned always is at a
ower tenperature than the center of the spot. This causes retained
i ncreased thickening or deformation in this peripheral area that
was formed during the heating cycle. During the cooling cycle the
peri phery of the spot has a higher yield strengt? than the center
of the spot due to its lower tenperature. he ‘average spot
thi ckness at anbient tenperature is thicker than it was prior to
heating: The base metal is thicker in the area that was heated
this can only be accommodated by shortening of dinmensions in the
pl ane of the base metal. Case Hstory #1 denonstrates a practica
exanpl e of using the primary concepts of spot heating to reduce the
di ameter of a die nut.

2-2
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THEORETI CAL SHORTENI NG UNDER | DEAL CONDI TI ONS

Figure 2.2 exhibits the theoretical shortening of one inch of base
nmetal heated under i deal C?Hdltlon of perfect restraint and no
conductive thermal | osses. e near horizontal curve represents the
decreasi ng conpressive yield strﬂuP of ﬁrggﬁrt es of |d steel with
i ncreasi ng tenperature. 't should be not that as the tenperature
increases the strain to cause yielding (permanent deformation)

decr eases. As one inch of base nmetal is heated it nust thermally
expand (volunetrically) to accommodate this increased energy and
since it can not thermally expand in its Iepgth because of rgsbra{ﬂt
(ideal) the netal experiences conpressiye Stralns represented by the
thermal’ expansion line of Figure 2.2. FOr additional information on
t he devel opnent of these curves .and th80affect og ﬁestra nt,.sege AMB
el di ng Journal, June 1971, rimary ncepts of Flame Bending”, Dby
R E. |t At | ow tenperatures these strains are elastic (no
per manent def or mation). Asthe tenperature is increased the
conpressive stains become so high that they reach the conpressive
yield strain of “the base getal and anx I ncreased tenperature results
in plastic deformation. y subtracting the yreld strain curve {Rm
the thermal expansion curve the resulting curve represents €
per manent deformation (shortening) Of the one inch length of base

metal after it has been subjected to tenperatures higher than 180°F.
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By devel oping these curves for different base netals from published
data and conparing them increased information can be gained as to
what tenperatures are necessary to initiate deformati on under ideal
conditions with single axial restraint and what the corrpiabr ative
responses are to flane bending of different basfe rreé.a# . lastic
deformati on occurs in the ol l owing order for different base
metals and at the approximate rise in tenperature (See FIGURE 2.3).

It is not surprising that relative amounts of weld distortion for
the sane base netal follow the sane order.
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ORDER OF APPROXI MATE

Yl ELDI NG BASE METAL TYPE TEMPERATURE

FOR FLAME RI SE TO CAUSE

BENDI NG YI ELDI NG “F
FI RST 300 SERI ES STAI NLESS STEEL APPROX. 120°1'
SECOND [ COPPER-NI CUCZL (70- COPPER 30- NI CKEL) || APPROX. 130°F
THI RD MONEL (70- NI CKEL 30- COPPER) APPROX. 150°F
FOURTH | CARBON STEEL ( ASTM A- 36) APPROX. 180°F
FI FTH | NCONEL ( NI CKEL- CHROME- | RON) APPROX. 200°F
SI XTH HY- 100 APPROX. 480°F

BENDI NG TEMPERATURES

As can be seen on the preceding figure, under ideal conditions very
smal | changes of tenperature are required to reach base netal yield

points and to cause plastic flow In practice it is predoninately
found that flane benders heat the base netal-to a red heat or a
tenperature that gives off [|ight. It is recommended that in al

circunstances that the base nmetal tenperature be kept to a m nimum
It should only barely give off light in a dark or dimy lit area or
no light at all. Wen a heated spot is emtting light it should be
no larger than 3/4” in dianmeter (Approxinmately the size of a nickel
coin) . One of the reasons operators heat the “base netal to the
point of emtting light is it is nearly inpossible to judge the
base netal tenperature when no light is given off. Travel speed
can al so be judged by the shape and size of the spot being heated.

I deally flanme bending tenperatures should rarely exceed el even
hundred degrees (IIOOF) however 1200"F is often witnessed in
production. In practice, spot and line heats are found to be very
effective at tenperatures at well less than 1000"F (no light is

emtted fromthe heated area) . Holt’s work indicates that
tenperatures as low as 700"F are all that are needed for spot heats

to acconplish satisfactory flame bending of mld steel



PIPES CANNOT BE
ROTATED ABOUT
THEIR AXIS BY
FLAME BENDING

MWB38.GMF

FIGURE 2.4

PI PE OR FLANGES CAN NOT BE ROTATED BY FLAME BENDI NG

Frequentlr I nexperienced flane bender wll attenpt to rotate iPe
or pipe flanges around their centerline axis usually for bolt hole
alignment. This can not be practically achieved by flane bendin%.
Bolt hole alignnment that requires rotation can sonetines be
achi eved by nechanical adjustment of conponent parts or by cutting
and rewelding the system It is not believed that pipe
circunferential shear stress can be created by flanme bendi ng
wi thout very large external |oads. Theoretically pipe can only be
bent in planes intersecting the axis of the pipe. See Figure 2.4.
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FLAME BENDI NG AND DAVAGE TO BASE METALS

When flame bending results in burning or nelting of the base netal
surface, flaking oxides or excessive buckling inproper bending
t echni ques have been used. If flane bending Is acconplished by
trained and know edgeabl e flane bending operators in a conservative
manner | ess damage to the base netal should be expected than that

experienced by welding or brazing the same material. Flanme bending
occurs at a lower tenperature than wel ding and nost silver bra2|H%
processes and usually has considerably l'ess heat input. In so

cases flane bending can inprove specific base netal properties.
FLAVE BENDABI LI TY OF BASE METALS

Technically all base netals should be bendable, but in practice
those netals that are wought in the nornmalized or anneal ed
condi tion having approxinmately 20 or nore percent_ductility are
consi dered reliable candidates for flame bending. Those materials

that are cast and are considered hot short such as many copper-tin,
copper-zinc, or copper-silicon alloys are nmuch Iéess reliable
candi dates for flame bending. Hot short materials are those that
have limted ductility at high tenperatures. Mterials that are
high in tin, zinc, silicon, lead, sulfur, selenium may be hot
short. In addition cast iron and copper are not good candi dates
for flame bending due to low ductility and high thernal
conductivity respectfully.

AFFECT OF FLAME BENDI NG ON BASE METAL PROPERTI ES

Metal s that obtain their strengthening through cold working; age
hardening or quenching and tenpering nust have S%ECI
consi deration before flame bending. The high tenperatures reached
in this process can potentially cause drastic reductions in tensile
and yield strength of the base netal properties. The National
Shi pbui I di ng Research Program (SP-7) has denonstrated that even
when pipe materials such as 300 series stainless, carbon steel,
70: 30 & 90: 10 copper-nickel have been flane bent w th maxi num
tenﬁeratures as high as 1500°F that there were no negative affects
wth nost materials tested and only mnimal negative netall urgical
affects with 70:30 co?per-nickelz. Sensitization of properly Tlane
bent 300 Series stainless steel is expected to always be |ess than

that_f?und in the heat affected zones of welds made on the same
materia

’SP-7 Final Report, "FLAME BENDI NG FOR ALI GNVENT CONTROL”, Dec. 15,
1989.
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NUMBER OF HEATS I N THE SAME LOCATI ON

It is recoomended the nunber of heats used in one |ocation be
limted to three heats where practical. Even though test work that
has been acconplished indicates that sone naterials can be heated
over and over again in the same location with simlar flame bending
response (SEE APPENDI X D), it is not recommended unl ess speci al
circunmstances exist. Metallurgical and physical property loss is
not anticipated nor is it the limting factor for nultiple heats.
The limting factor is that when nore than three heats are applied
in the sane |ocation buckling of the pipe wall may result. This
buckling can be the result of a nunber of factors such as too high
of heat input, wusing an inproper heating pattern, traveling too
slow or using too large of a torch. Also, the dianeter of the pipe
and its' wall thickness may result in |ow buckling stability. Pipe
with good buckling stability may be heated nore than three tinmes iIn
t he same | ocati on. Pipe wwth small dianeters and heavy wall s
generally have good buckling stability.

spot heats result in yield point residual stress and no benefit
w il result fromreheating these areas. Spot heats should be nade
only with one heat in each |ocation

BASE METAL THI CKNESS AFFECTS ON FLAME BENDI NG

Base netal thickness can be a limting factor on successful flane
bendi ng. For very thin materials the limting factor may be
finding a small enough torch tip and being able to travel fast
enough to prevent over heating and buckling. Five eights of one
inch (5/8") is generally considered to be the maxi num thickness for
readily flame bending of pipe with only outside dianmeter torch
access. Thicker material can be bent with only outside dianeter
access but only with limted success. For material thicknesses
greater than 5/8” it is recommended that two torches be used for
each area being heated (See Case History #2) . This nmeans that both
operators nmust work in unison as it is desirable that the torch
i nside and outside the pipe are heating the same spot at the sane
tine and are traveling at the sane rate. Wth this technique it is
possi bl e to achi eve thorough thickness heating and yielding. In
sone cases this can be nechani zed (See Case History #3).



METHCD DESCRI PTI ON

The three basic flame bending nethods commonly used for distortion
correction are the Holt, line heating, and spot heating nethods.

All three are simlar in that a concentrated area is heated under
the torch to a tenperature at which the material is pernanently
made thicker. Each nmethod is distinguished by the torch trave

once the bending tenperature (plastic deformation) is reached.

HOLT METHOD
0P HEgE

START HERE (LIGHT DULL RED HEAT
SHOULD BE USED AS A GUIDE TO
MAXINUM TEMPERATURE)

MWB40.GW

FI GURE 3.1

The Holt method (Figure 3.1) noves two torches in a snakelike path,
one torch on each side of the pipe. Each torch is noved In an
increasingly wi der weave in a Vee-pattern. The torch travel speeds

are synchronized to neet on the side of the pipe to receive the
most short eni ng.
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LINE HEATING METHOD

une 1

Line spacing is approxi,mateIP/ 1"
Line 1 extends approximately 3/4 around

the circumference of the pipe.
MWB39.GMF

FI GURE 302

The line method (Figure 3.2 ) involves noving the torches in
straight 1 ines. It 1s used to mnimze buckling, to mninize the
heating affect on material properties, to nake mnor alignnent
corrections or to make large alignnent corrections in snall
I ncrements. The Vee-pattern outline is simlar to that shown for
the Holt method. The direction of torch travel is very different
fromthe Holt nethod; in that, the torches start on the side to
receive the nost shortening and then travel directly away from each
other around the circunference. The longest-line’is heated first
and the pipe is cool ed. Then the next two |longest lines are
heat ed. Heating stops when all the lines are conpleted or the
desired novenent is achieved. Oten mnor alignment corrections
can be conpleted with only one line heated. Low residual stress

and di mensional stability can still be achieved with only one or
two lines as long as the first line extends approximately 3/4 of
the way around the circunference. |f accessible, single heats can

al so be nmade Iongitudinallﬁ_inside a pipe to correct an out-of-
round condition. See Case Histories 5 & 6.



SPOT METHOD

Shortens this side

MODEL 1 OF

FI GURE 3.3

The spot nmethod (Figure 3.3) noves the torch in a discontinuous
travel from one spot to the next spot. This nethod is used when an
extremely small anount of novenent is needed, or when correcting
for a small gradual bend. See Case History #4.



METHCD SELECTI ON

The follow ng questions nust be considered when selecting the
correct heating-nethod: -

1. How Mich Mvement is Relative Deflaction
Requi r ed? Heating Method

Large
Defiections,

HOLT METHOD

If a large deflection (1/32" per
f oot or rmre?1 |s requrred on
an

pi pe |ess I nches in

di ameter, the Holt rret hod is the UNE METHOD
preferred choice since the sane . }w
vee can be heated quicker as L crementar faata
conpared to line heats. |If S

smal |l deflections are rew red C: jmsf:m.ecﬁmi
or the pipe dianmeter is 14 . _ i Y
inches or larger, the 1line — }
nmethod is preferred Li ne heats | FIGURE 3.4

are done in increnments so that
the heats can be stopped when the desired novement i's reached
Cccasionally, a very small amount of novenent is needed and spot
heats are necessary. See Figure 3.4.

2. What s the  Buckling
Stability of the Pipe?

Small heated area

. . . to thickness ratio
In general, a pipe with a thick
wal I, small dianmeter or |ow
thermal conductivity wil have

good buckling stability and the UPSETTING
Holt nethod is preferred. If
the pipe does not have good
buckling stability, the Iline

i ” Large heated areo
IS, Copper pipe has an
extrenely hi gh t her mal

conductivity so it wll only FIGURE 3.5

buckl e or spread the heat so

fast that it-will not bend efficiently. Flane bending of copper is
not recomended froma practicality standpoint. See Figure 3.5.
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3. Is the Material
Over heat i ng?

Sensitive to

If the material Properties Wi |
degrade when hel d at el evated
tenperatures for long tinmes then
the line nmethod or the spot
met hod shoul d be used with rapid
cooling after each line or spot.
For exanple, 304 stainless steel

The Holt MethodHeats a Larger, Hotter Area

=

(AN

HOLT METHOD

AR

LINE METHOD

N

or N| AI BI’ onze n.ay becon.e Large Area Heated Hotter & Longer

SenSi t | Zed tO | nt er- gr anUI ar - Small Area Heated Quicker Then Cooled
corrosion using the Holt Method, ’

al though to a [ essor degree than

that for welding or brazing the | FI GURE 3.6

sane base netals. G her

material s which respond negatively to heating should not be flane
bent w thout the design engineer’s or netallurgists eval uation.

Such materials include hi
treatabl e),
of brittle materials or
such as cast
3.6.

gh strength | ow all oy steel
age hardened pipe and cold worked pipe.

pi pe (heat
FI ame bendi ng

_ materials subject to hot short cracking,
iron and gun netal,

I's not reconmended. See Figure



DEVELOP A PLAN BEFORE HEATI NG

Oten, on conplex piping systems, or machinery parts, many factors
are involved in a successful flanme bending sol ution. I n these
cases it may be necessary to carefully select the location and size
of heats and predict the resulting nmovenent. In order to do this,
It is essential to understand the types of novenent, both desirable
and undesirable. The resultant direction and anount of novenent
may not be intuitively obvious, especially with conplex piping
syst ens. | f proper planning is not done, unanticipated novenent
may not be recoverable. Selection and prediction can be done using
graphi cal nodel s, cal cul ations, physical nodels, and nockups.



TYPES OF MOVEMENT

When selecting the location of heats, thought nust be given tO al
three types of novenents:

a) heats to adjust deflection
b heats to increase pipe length
C heats to adjust flange parallelism

Often more than one type of heat will be necessary. Figure 4.1
gives an exanple of all three types.

In this exanple the flanges are parallel but the top flange is
offset to the |eft. The top flange nust be noved to the right
w t hout changing the parallelism

~

e i & ¥

Heat SECOND ﬁ
To Correct
Deflection Heot FIRS il

To Goin
Length

As for from the flonge
as possible

| IDEAL CASE |

Heot L4ST
To Correct
Parrallelism

I |

Volve Body
MWB11. GMF

FI GURE 4.1




4. SELECTING THE LOCATION OF: HE

OPTI MUM LOCATI ON AND SEQUENCE OF HEATS

Wen selecting the location of heats, it is essential to careful
think out the bend locations !N an effort to elimnate al
unnecessary heats. This
Ls inportgntdsiqfe each
eat to bend the pipe :
will also §hQLL§DpiP- CAUTI ON
The nost common m st akes
In planning heats are
made by planning nore
than a m ni mum nunber of . .
heats and not predicting and @l low ng for subsequent pipe

shortening. Often it is inmpossible to recover from unanticipated
short eni ng See Figure 4.1.

unanti ci pated shortening of

the pipe is the nost common cause
of unsuccessful flame bending.

FIRST Lengthen the Pipe Reach. The first set of heats are

pl aced on each side of the eI?ow to straighten the el bow and
effectively lengthen the pipe. After these heats are made, the top

flange will be too high and out-of-parallel.

SECOND : Deflect the Pipe., To deflect the flange downward, the

next heat should be placed as far fromthe flange as possible. The

anount of deflection is proportional to the distance from the heat
to the flange. The distance fromthe flange should be maxim zed so

that even it the lengthening heats each have to be nade twice, the
defl ection heat only has to be nmade once (or as_f?w ti nes as
necessary) . Making this distance as long as possible may also

allow a smaller vee to be used or maybe only one |ine. Nh%'”‘z'ng
the distance fromthe flange w |

THRD : Correct the Parallelism The last step is to correct
for flange parallelism This is done as close to the flange as

ossi ble to avoid changing the deflection once the deflection has
Been corrected. Changes in parallelismare not 1ncreased by
i ncreasing the distance to the area heated. However undesirable
defl ection can result by increasing this distance. In this
exanpl e, since two heats are made on one side of the pipe to gain
length and one heat is made on the other side to correct
defl'ection, then one heat should be sufficient to correct the
parallelism since two heats on each side wll bring the
paral lelism back to the original value.
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USI NG GRAPHI CS, VECTORS AND CALCULATI ONS

Sket ches such as shown in the previous exanple are excellent tools

for planning the size,

_ configuration,
Vectors and cal cul ati ons take the graphical

| ocati on of heats.

and
a step farther.

nodel

(See Figure 4.2) The vectors are especially useful for the novice
HEAT 3 HEAT 2
D3 = 0.060" D, = 0.090"
S3 = 0.009" Sy = 0.025"
HEAT 1
D; = 0.075"
Sy = 0.025"
'Y
Center of Flange].
After Heat 2 ] 3 3.0 2-41/2’
Center of Flange DHEAT 4
After Heat 4 ] %j? 4 = 0.008
DZ | . S, = 0.025
6.0" ﬂ X
/ I)3 .

MWB14.GMWF

FI GURE 4.2

. Center of Flange
After Heat 3

/;Volve Body

in that they help provide an understanding of the direction and

amount of novenent caused by each heat.

Thi s exanpl e shows how

t hese techni ques can be used to predict the anount of novenent.

Two vectors are shown for
and one for the shrinkage.

each heat.

One vector for the deflection



4. SELECTING THE L

STEPS FOR DRAW NG VECTORS

Step 1. Draw the Lever A‘lm  Draw a line between the center of
the heat and the center of the flange. Measure this distance in
feet using a scale.

+ Step 2. Determine the Length of the Vectors. This is done using
the predicted shortening (in inches) and deflection (in inches per

foot of pipe length). Sone of these predicted values are found in
Appendi x D and others are obtained from practical experience. The
length of the deflection vector depends on the |length of the |ever
arm whereas the length of the shrinkage vector is not dependent on
the heat location. The follow ng chart shows how the vector |ength
is figured.

Prediction from Lever Vector
Section 1 Arm Length
Deflection .030%"/Ft 2.5 D, =.075"
Heat 3" i )
1 Vee Hinge | Shortening .025" - S, =.025"
Deflection .030"/Ft 3! D, =.090"
Heat 3" v .
2 Vee Hinge | Shortening .025" - S, =.025"
Deflection .010"/Ft 6! D; =.060"
Heat 1" v -
3 Vee Hinge Shortening .009" - S =.009"
Deflection .030"/Ft .25'" | D, =.008"
Heat 3" i -
4 Vee Hinge | Shortening .025" -= S, =.025"
4+ Step 3. Determine the Direction of the Vectors. Deflection

vectors are always drawn perpendicular to the lever arm and are
pointed toward the heated side of the pipe. The direction of the
shrinkage vector always points down the pipe bore away from free
end.

¢+ Step 4. Add the Vectors Together. The first vectors is drawn
with the tail starting at the center of the flange. The tail of
the next is placed at the point of the first and so on. It makes
no difference in which order they are drawn.
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PREPLANNI NG FACTORS

Predict Wen Flane Bending Wn't Wirk ~ The next exanple (Figure
4.3) shows a piping configuration which is simlar ho he previou
exanpl e except the vertical run is much shorter. The [evel armo
the two straightening heats are too short and have too little
ef fect. In This case, the shrinkage vector from each heat

significantly reduces the |engthening gained and the flange |ineup
I nproves very little.

HEAT 3
D3 = 0.060"
S3 = 0.009"

Center of Flange|
After Heot 2

D3

D4 0 " ]l | [
Sy = 0.025" |~
2 / Valve Body
S

1 ~....[Center of Flange
After Heat 1

Center of Flange|
After Heat 4

(No Gain)

S

8>3

[ VERTICAL RUN TOO SHORT |

MWB12.GW




MOVEMENT TABLE
(Values in followng table relate to precedi ng FI GURE 4. 3)

Prediction from Lever Vect or
Section 1 Arm Length
|
\ Deflection . 03011/ Ft 34 b, = 02211
Heat 3" 1 :
1  Vee H nge | Shortening . 025" g1 = 0251'
Defl ection .o030"/Ft 1y D, =.037"
Heat 3" in .
2 \Vee Hinge | Shortening .0251" S, = 025!!
Deflection .010"/Ft 6! D; =.060"
Heat 1" i
3 Vee Hinge | Shortening .009" - S; =.009"
e -
Deflection .030"/Ft %! D, =.008"
Heat 3" lll ”
4 Vee Hinge | Shortening .025" - S, =.025"




HEAT 3 HEAT 2
D3 = 0.098" D, = 0.090"
S5 = 0.025" S, = 0.025"
HEAT 1
Dy = 0.075"
S, = 0.025"
B?}':Connection ) _ﬁ
Tt
e
(No Gain) __ICenter of Flange
After Heat 1
Center of Flongj
After Heat 3 -
s |
4
D1 RS l
O—tgga——* 3 y.
D >3 li:l T—Y
4 S, = 0.025"
|
| HORIZONTAL RUN TOO SHORT | Vaive Body
MWB13.GMF
FI GURE 4.4
In another exanple, (See Figure 4.4) a branch connection in the
horizontal run does not allow a heat to be nmade very far down the
pi pe. Wth a short lever arm mnultiple attenpts are nade to
correct the deflection causing nore shortening and again the

flanges are worse after each attenpt.



4, BELECTING THE L OCA‘.I.’IC

MOVEMENT TABLE
(Values in following table relate to preceding Fl GURE 4.4)

Prediction from Lever Vect or
Section 1 Arm Lengt h
, Deflection .030"/Ft | 25! | D, =.075"
Heat 3" 1
1 Vee Hinge Shortening .025" - s, -=.025"
Deflection .030"/Ft 3! D, =.090"
Heat 3" 1" -
2 Vee Hi nge Shortening .025" - S, =.025"
Deflection .030"/Ft 340 D; =.098"
Heat 3“ 1°
3 Vee Hi ncre Shortening .025" - S; =.025"
Deflection .030"/Ft I 35! | D, =.008"
Heat 3" i -
4 Vee Hinge | Shortening .025" l -= I S, =.025"

OTHER PREPLANNI NG FACTCORS
PHYSI CAL RESTRI CTI ONS AND RESTRAI NT

I n conplex piping systens, heats can rarely be laid out in the
i deal [ ocation. The heat cannot be |ocated in an area where
physical restrictions will interfere with handling of the torch,
and cannot be located in an area with restraint between the flanged
end and the heating pattern |ayout. Exanples are decks, bul kheads,
pi pi ng branches, pipe hangars, and other dphysical restrictions and
restraints. Al ways make a thorough hand over hand check of the
pi pe 360° around and along the entire length between the free end
and the area to be heated to assure there are no physical
restrictions which will affect novenent. Oten it wll be
desirable to renove or readjust pipe hangars prior to flane
bendi ng, for exanple, renove pipe hangars to allow a |onger |ever
arm or readjust the pipe hangar to correct alignment. Anytinme the
actual novenment is very different fromthe predicted novenent, stop
?.nd douollal e check for physical restraints between the heat and the
ree end.



EXPERI ENCE

Experience is the nost inportant ingredient in preplanning and
prediction. Despite careful preplanning, there are sonetines
factors which are unforeseen. For exanple, the pipe may contain
residual stresses, wall thickness nmay be greater than expected or
the system may have unidentified external |oads or may have an
addi tional weight or restriction which will cause the novenent to

differ from what is expected. In these cases, it is cunbersone to
recal cul ate the predicted novenment and |ocate heats. Adjustments
are best nade by experience. The unforeseen factors are a big

reason why it is not good practice to try to gain all the required
movenment in one heat. A good rule of thunb is to attenpt to gain
only one third to 3/4 of the novenent in the first heat.
Overshooting the mark causes a lot of rework tinme and sonetinmes is
not recoverable. The anmount of novenent to shoot for in the first
heat will depend on how precise the fipal tolerance is, and chance
of recovery if the mark is overshot. Wth experience flanme bending
success will cone easy.

REHEATI NG VEE PATTERNS

Oten it wll be necessary and even desirable.to heat the sane area
twice. As discussed earlier, it is desirable to plan _out the best
| ocations to nininize the nunber of heats required. But It I's not
desirable to make one |arge heat instead of two smaller heats. In
fact it is best to make nultiple smaller heats instead of one |arge
heat for a nunber of reasons:

1) The novenent can be nade in increnents so that the size,
| ocation, etc. can be adjusted based on the actua
movenment of the first heat.

2) Smaller heats are nore efficient.

3) Smaller heats are |less prone to buckling.

4) Smaller heats will affect the material properties to a
| esser degree.

5) Smaller heats will cause |ess shortening.

In general, the sane area should not be heated nore than three
times. |If novenent is still required after three heats, then a new
heat should be laid out in another |ocation such that the cl osest
point is a mninmumof 1 inch away fromthe adjacent heat.
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REHEATI NG SPOTS

Heat each spot only once. A spot heat will deflect a pipe but wll
not overcone the strongback effect of the unheated portion of the
pi pe diameter. Because of this, each spot will be at yield point
tension and heating the spot the same anount the second tine wll

not cause any nore novenent. Heating the same spot larger the
second time wll cause sone additional novenent and heating the
sane spot |less the second tinme will |ose sonme of the original
novenent . For maximum efficiency, it is recomended that each

subsequent spot be separated by at |east two diameters fromthe
previ ous spots.

USE OF MODELS AND MOCKUPS

Mockups and nodel s should be used whenever You are unfamliar with
the configuration or unconfortable wth predicting the anount or
direction of novenent and especially when the tol erances are
extrenely tight and recovery from m stakes is not possible.
Applying a test heat on a simlar size shape, configuration and
material is the best way to achieve an indication of potential for
a successful flanme heat. The construction of wre nodels,
especially in the case of conplex piping systens containing many
bends and supports, may al so be beneficial in visualizing novements
which may result fromvarious flanme heating applications.

ACHI EVE M NI MUM DESI GN REQUI REMENTS

Before starting the job, find out what the m ninum design
tol erances are for the joint. It nay be obvious that the joint is
not aligned correctly, but it is
not obvi ous where the stopping
oint is. Itis necessary to

now the ninimum acceptable !f you don't know where you
fitup for several reasons. are and where you're going you
Sonetimes flame bending can go  Mght end up sonewhere el se.

on indefinitely, each tinme

maki ng finer and finer

adj ustments and working toward

perfection. Perfection should not be the goal. Stop work as soon
as the mninumrequirements are net. |t is not worth the risk of
losing the alignnent as a result of a m stake. It is also not

worth the addition of nore residual stresses, the potential for
damage to the system and the added tinme and cost.



RECORD THE STARTI NG MEASUREMENTS

Before effective preplanning can be done, it is essential to know
what the initial conditions are. At the job site, use two workers
to physically align the pipe, one for each direction of novement

required wi thout using mechanical assistance. | f acceptable
alignment is reached in this mnner, flanme bending is not
necessary. I f alignment is not achieved, then neasure and record
the novenment still needed in each direction fromthe worker held

posi tion. For exanple: Flange 1/2” aft |ooking inboard, up 1
paral l elism 3/16".

CALCULATE THE REQUI RED MOVEMENT

The novenent needed is the total of the novenent required for idea
alignnment (as neasured fromthe worker held position described
above) mnus the m ninum design tol erance.

MONI TOR AND RECORD THE MOVEMENT

For the purposes of making adjustnments and assuring that the actual

novenent is not drastically different fromwhat 1s expected, the
novenent from the alignnent-nust be neasured after each heat or
cycle of heats. The areas heated and the adjacent areas nust be
wthin 100°F of anbient tenperature before nmeasurenents are taken.
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USI NG RESTRAI NT

External force is very beneficial when used £roperly. The anount

of force as determ ned by deflection should always be nuch |ess
than the yield point; that is, the pipe nmust return to the origina
position when the force is relaxed. |If the force causes the pipe
to yield, the bendln%)nay_be the result of th|nn|n% (stretching)
the wall thickness buckling and thickening. ~The anount of
defl ection and the anmount of force to cause deflection is dependent
on the stiffness of the pipe, location of pipe hangers and
bends. The ﬁlpe is comonly nore rigid in one direction than
another. The force can be applied by chainfalls, cables, shims,or
by bolting the flange in place. Figure 4.5 gives exanples of the
various types of restraint and direction of restraint.

j BULKHEAD Z

Use wedges to bring
flanges closer
to alignment

WEDGES £

Do not heat between the

cable and the free end )
oy

Add restraint for correction
of parallelism using bolts
and shims

MWB22, GWF

FIGURE 4.5




TYPES OF FUEL GASES

Fl ame bendi ng can be acconplished with any type of heat source that
will provide a sufficient localized difference in tenperature to
cause plastic deformation in the area being heated. Oxygen-fuel
cas systems are by far the most common. Any fuel gas can be used
for flanme bendi ng. However sonme fuel gases have specific
advantages. The maximum fl anme tenperature and the rate at which
energy can be transferred to the base netal are inportant
characteristics. There are a variety of fuel gases commercially
avai |l abl e which neet the basic requirenents to perform flane
bendi ng operations. The nore conmonly avail able fuel gases include
ACETYLENE, MAPP GAS (MPS), PROPANE and NATURAL GAS

The primary principle of flame bending is the degree or the extent
of the difference in tenperature (Delta “T’) between the heated
area and its surrounding netal. This Delta "T" is directly
dependent onto the speed in which the energY source can heat the
nmetal to the desired tenperature. It is well known not all fue

gases when mxed with oxygen will produce the sane nmaximum
tenperature at the torch tip or the sanme rate of heat transfer to
t he base netal. Al'l of the commercially avail able fuel gases
listed in the follow ng table, when conbined with oxygen and the
apﬁyopriate torch and tip size, will produce sufficient heat to
achieve the desired flame bending results. Mpp and Acetyl ene fuel

gases because of their rapid and higher heating potential at the
primary flane tip are the recommended fuels. cost' availability
and safety considerations may influence which fuel gas best suits
a conpani es individual needs.



The specific flane output or the quantity of energy available for
flame bending at the torch tip can be best neasured by conbustion
intensity and its’ ability to conduct heat into the base netal.
These properties are related to the heating value of the oxy-fuel
gas mixture, the conductive energy in the primary flame and the
secondary flame, the velocity of the flame and the torch standoff
di stance fromthe base netal

Table #1: Properties of common fuel uases (AWS HDBK VOL 2)
Acetylene MPS Propane Natural Gas
Properties (C.H, ) (C;H,) (CHy) (CH,)

Neutral flane
tenp., °F 5600 5200 4580 4600

Point of Maximum Flame Temperature

Primary Flame

Secondary Flame

MWB33 . GMF
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FLAVE BENDI NG EQUI PMENT

The equi pnent and conponents needed to perform flame bendi ng
operations are grouped into three categories; (1) OxY-Fuel Welding
(OFW equi pnent (2) tenperature neasurenent and (3) cooling
equi prent.  The primary function of OFW equipnent is to supply the
oxyfuel gas m xture to the welding tip at the appropriate rate of
flow and m xture ratio. The gas flow rate and torch tip size
affects the size of the spot heated; the pressure and velocity of
the gases affect the rate of heating; and oxygen to fuel gas ratio
regulates the flame tenperature and flame chem cal reactivity
(atmosphere), which nust be chemcally suited to the netal bein

heated (i.e. neutral, oxidizing or carburizing). The balance o

equi pment is required to cool and neasure the conponent |ine
heat ed. The necessary conponents in an OXYFUEL Fl ane Bendi ng
system shoul d i ncl ude: (See Figure 5.1)

1. Fuel and Oxygen gas supply system (i.e. manifold,
portabl e cylinders)

Gas flow and pressure regul ation system

Hoses

Tor ches

Saf ety equi pnment (i.e. Flashback Arrester, d oves,
Safety d asses, etc.)

Air hoses and air gun

Wat er bucket, rags and water spray gun (See Bel ow)
Mst. equipnment (i.e. Feeler gauge, marking pens,
rulers, etc.)

©ONo abRwd

ventu;?'

Steel or Brass Fitting
(Approximately 3/8" 0. D.)

oW Aressure

Compressed Air

{60 to 80 PSY) l
e

MWB16.GMF

FIGURE 5.1
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REGULATORS

There are two basic types of gas regulators; single and two stage.
There are a nunber of variations available formthese two basic
types of OXYFUEL gas regul ators. Sone are designed to drop high
pressure cylinder pressure to the desired outlet pressure while
others can only be used on |ow pressure cylinders or pipe manifold
systems. It is inportant to understand that one should never use
a pipe manifold regulator on a high pressure cylinder as it can
bl ow apart the regul ator

It is recomended that two stage regulators be used for flane
bendi ng applications as they will nmaintain a rel ative constant
output flow rate until the source pressure drops bel ow the out put
pressure. Single stage regulators will need to be adjusted-as
cyl i nder pressure changes.

Large flow volunme requirenents can sonetinmes cause problems by
freezing up the regul ator. Pipe line or manifold systens are
desirable if this is a concern.

TORCHES

The torches used during flane bending operations are the nost
i mportant single piece of equipnent. It is through the torches
t hat operating characteristics of the flame are established and
mai ntai ned while also allow ng mani pulation of the flame on the
surface of the workpiece. The size of the torch and tip will be
dictated by the work which needs to be perfornmed. Typically gas
wel ding tips are used for flame bending. Rose bud nulti-orifice
torches may be used on very heavy section structural stee

applications but very rarely on piping systens.

The torch inlet valves control fuel and oxygen gas pressure,
veloci&% and flow They also control the fuel to oxygen m Xxing
ratio wnich directly relates to the heat and atnosphere at the tip.
This control is extrenelg i nportant when bal ancing torch tip heat
for multiple torch pipe bending operations.

Three types of torches are avail abl e. They are; equal pressure
al so called positive or mediumpressure, injector and conbination
equal pressure and injector. Al are suitable for flame bending
operations depending on the type of fuel gas used. The conbi nation
equal pressure/injector type is capable of efficient operation with
any type of fuel gas when matched with the proper tip.
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TORCH TIPS

Torch manufacturers supply charts with recommended tip size in
relation to the thickness of metal being welded. The type of fuel
gas used nust be known when referencing these charts to select the
apPropriate tip. These charts are suitable as a reference for
selecting a tip used during flane bending operations. Typically oxy
-fuel gas welding tips (not cutting tips) are used for flane
bending. Typical flame bending tips used with methyl-acetyl ene-
propadi ene (MPS OR MAPP) gas are:

TP _SIZE MATERI AL THI CKNESS
#l o 1/2* TO 5/ 8"
# 8 5/ 16" TO 1/2"
# 7 3/16 TO 5/ 16
# 0 LESS THAN 3/16"1
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FLAME TYPE (NEUTRAL, OXID ZI NG AND REDUCI NG

BY varyinﬂ the fuel to oxygen gas ratio at the torch tip a variety
of atnobspheres and tenperatures can be produced. a rule durjng
flane bending operations a neutral flame (or ingﬁFIy reducing) i’s

nmost desired. (See Figure 6.1)

NEUTRAL FLAME

A neutral flanme is the result of a 1 to 1 fuel to oxygen gas

conmbustion ratio. A peutral flame is characteristically the clear
sharﬁly defined blue inner cone at the end of the torch tip.
brightly light conditions it is difficult to tell if you go bQQGEB
the neutral flame into an oxidizing flanme condition.

REDUCI NG FLAME

An oxidi zing atnosphere/flame is caused by having an excessive
anount of oxygen present during conbustion at the tip. It is not

recommended for flane bending applications as ;
detrinmental base nmetal oxides on the outside diannk%rcév]t%%ogyﬁg

surf ace.

Biue Envelope—\

Bright Cone
Blue Envelope—\ TipgNecked n

Blue Envelope
7

Bright Zone
MWB18.GMF

FI GURE 6.1
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Excessive oxygen and overheating is quite evident on sone materials

(e.g., 90:10 CuNi pipe) by large flaking oxide scales. In order to

avoid an oxidizing flame condition, the use of a slightly reducing

flame is recommended because of its ease of identification. A

reducing flame contains a slightly higher fuel to oxygen gas ratio

than a neutral flame and is identified by a smal |l feather ?t thﬁ
a

end of what would otherwise be a neutral flame. The feather |engt
shoul d not exceed approximately 1/4 of the | ength of the inner
cone. This flanme configuration is not to be confused with a
carburizing flame which can easily result froma slightly higher
fuel to oxygen gas ratio. The flane becones carburizing if the
feather at the end of the inner cone exceeds 1/4_its’ Iength. ThiF
is not a desirable condition at the torch tip. Excess Carbon w

be deposited onto the material surface and can actually be absorbed
into the base material. This is detrinmental when flane bending 300
series stainless steel and may produce undesirable affects when
used on other ferrous all oys.

FLAVE CALI BRATI ON ( ADJUSTMENT)

During pipe flanme bending operations two oxy-fuel torches are
required. It is desirable to set up both torches as nearly as the
sane as is practical (i.e. regulators, torch tips and hose length) .
This is necessary so that the heat produced at the tip of both
torches will match as closely as is practical when they are bejn

used simultaneously to flanme bend pipe. Unequal heat input wt

tinme to each side of the pipe during flame bending wll create
undesirable bending to one side. The first step in acconplishing
uni form heat input to each side of the pipe is to assure that the
torches have nearly the sanme heat output.

As stated earlier a neutral flanme is desireable to n]niHiFe
metal lurgical reactions with the pipe. However, a slightly
reducing flame is the easiest to identify during adjustment. It IS
better to lose the few degrees of heat and have matched flanes than
it is to have one torch wth a neutral flame and the ot her mﬁtB an
oxidizing flame with different amounts of heat input. |t I's best
to adjust the torches under dimlight conditions. Under bright
lighting conditions it is nore difficult to tell when a neutra

flame has been achi eved.

There are basically three ways to synchroni ze the torches. The
first method is to have one torch operator light and adjust the
torch to the maxi num heat and desired flanme configuration and then
l'ight the second torch and adjust it to match the first operator's
heat, velocity and flame configuration. The second nethod is |ight
both torches and while they are placed in close proximty bﬁlance
the torch heat, gas velocity and flanme configuration. I'f both
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torches are working froma single regul ator, by use Off?ZSplit’

this method could prove somewhat difficult. Seé Figure

O WELDING TIP
GAS REGULATORS -~
/—WELDING TORCH -
o HOSES GAS CONTROL VALVES &2

2.9

t OXYGEN CYLINDER
OMBUSTIBLE GAS CYUINDER

MAB17 GMF

FI GURE 6.2

Each torch individually will feel the change in feed line pressure
every time an inlet valve is adjusted. f you find yourself in
this position adjust one torch as desired and try and naintain the
torch setting while the second torch is being adjusted. Adjusting
the torches properly takes experience in regard to the flanes
visual characteristics, the sound made by the gas velocity, and the
nunmber of turns of each torch control valves.



Various nethods of torch adjustments already discussed can be used
for torch calibration. However the followng nmethod is a little
nore conplex but is nore precise, direct and is very workable on
t he shop fl oor.

Flow rates can be set, nonitored and controlled by
precision flow meters with “Y” fittings on the output
side of the neter

Calibration of the torches involves setting the precision flow
meter to preset values (i.e. 40 CFH oxygen and 35 CFH fuel

gas) .

Both torches are ignited and the flames are held close to
each other for conparison of color and |length and sound
vel ocity.

TORCH
CALIBRATION
RING

L ACwIEI o8,

FIGURE 6.3

The final <calibration is acconplished on a ring of piﬁe
material or on simlar thickness base netal as shown in the
Figure 6.3. Wen Brecise control is needed, this nethod of
calibration should be acconplished prior to each heat for each
diameter and wall thickness of pipe. The pipe length should
be six to eight inches w de.

The tinme to reach a specific tenperature on the inside of
the ring for both torches should be nearly the sanme if the
torches are properly calibrated. Also checking the
calibration to the original established requirenents prior
heating insures the operators they are operating wth

consistent conditions. This wll help provide consistency
in R{avel speed and the spot size being heated under the
torch.
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| NTRODUCTI ON

When reviewing a job for the purposes of applying flame bending
techniques, the follow ng steps are recomended. These steps
shoul d be followed for each project prior to bendi n?, during
bendi ng and after conpletion of the job. The steps detaiTed in the

foll ow ng sections should be applied whether the job is perforned
in the freld or shop environnent.

| NI TIAL ON-SI TE JOB | NSPECTI ON
During the initial on-site inspection, the decisions made Wl
greatly affect the success o-r failure of the flane bending
operation. The first items to consider are:
(1)  WHAT MUST BE DONE?
Fl ange or Weld Joint Alignnent
Parallelism
Bolt Hol e Alignnent
(2) WLL FLAVE BENDI NG ACH EVE DESI RED GOALS?

(3) WLL THE MATERI AL SUFFER ANY ADVERSE AFFECTS AS A
RESULT OF FLAME BENDI NG?

Sensitization of Stainless Steel
Loss of Mechanical Properties

(4)  WLL ACH EVING YOUR I NI TIAL GOAL CAUSE OTHER
PROBLEMS?

Shortening of the Pipe Beyond Fit-up Tol erance

Loosing Bolt Hole Alignnment Wile Gaining Flange
Paral l el ism

Gai ning Alignnent but Loosing Parallelism
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(5) WHAT TYPE OF HEATI NG TECHNI QUE SHOULD BE USED?

Holt Vee Heat
Li ne Vee Heat
spot Heat

(6) CAN THE HEAT BE APPLIED I N THE PROPER LOCATI ON?
Fl ane bender access

(7) WLL THE HEAT OF FLAME BENDI NG DANAGE SURROUNDI NG
COVPONENTS?

(8) 1S IT SAFE FOR THE PERSONNEL CONDUCTI NG FLAME
BENDI NG?

Oten it wll be necessary to balance sonme or all of these factors
to achieve the desired end result. Wen these questions have been
addressed and it is determned they are controllable, it is time to
proceed.

BASE METAL PREPARATI ON

Once the pipe has been determned to be a flame bendi ng candi date,
it nust be cleaned in those areas where heat is to be applied.
This usually involves nore than one location. Once the |ocations
to be heated have been identified, these areas on the external piBe
surface nust be cleaned to bright metal. The area cleaned nust be
of sufficient size to allow one or nore heat patterns to be laid
out. This cleaning is necessary: to inspect the area for defects
prior to flame bending; to ensure uniformheat transfer fromthe
torch to the surface of the base netal; and to mnimzed possible
damage by base netal contam nation as a result of the presence of
hazardous el enents at high tenperatures.

Sonme pi ping systens nay convey a fluid which pronotes a buildug or
accunul ation of residue on the internal surface of the pipe. onme
deposits if not renoved could be detrinmental to the piping naterial
and absorbed into the material at flanme bending tenmperatures. A
general guide is if it is acceptable to weld or braze on the
system then it is usually acceptable to flame bend the system
Where possible the internal surface should be cleaned. Chem cal
conveyance or %slvanyzed pi pi ng systens may even present personnel
hazardous health considerations if heat is applied before cleaning.
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BASE METAL | NSPECTI ON

An external surface inspection should be performed prior to
aﬁplying heat to the surface of a pipe where it has been cleaned.
This surface inspection should be in the formof either a dye
penetrant or magnetic Particle_inspection dependi ng on the base
material type. visual inspection should be acconplished bu% can
not be considered totally adequate for critical systems. hese

i nspections can provi des useful inornatio such a? t? exj stin
pi pe surface indications. No detfects (particularly Iinea

I ndi cations) are acceptable which could propagate as a result of
fl ame bendi ng.

LAYOUT OF HEATI NG PATTERNS

Pl acement and orientation of the heat pattern is the next step
after cleaning and inspecting the pipe in those areas to be heated.
A careful evaluation nust be nade as to what direction the pipe or

conponent nust nove. It is inmportant as stated in Section 4 that
it should not be attenpted to gain all of the desired novenent on
the first heat. The reason being if you have m scal cul at ed

recovery could be time consumng and costly particularly in terns
of shortening the pipe.

Sinple tools are necessary to clean and | ayout the heat.

a. Flexible neasuring tape

b. Soap stone or sonme other heat resistant
mar ki ng devi ce which contains no potentially
hazar dous constituents such as hal ogens,
phosphorous or |ead

c. Strip emery cloth

Wil e these are exanples of sinple layout tools, they are by no
means the only ones which can be used. ~ The layout nethod nust” not
scar or |eave a permanent indentation in the pipe or conponent
surface as this could induce undesirable “Stress Risers” during and
after the flame bending operation

The first step to laying out the heat pattern is to ne s%re t he
circunference of the pipe, then subtract the “Hi nge” (Shown in
Aﬂpendix D - the unheated portion of the pipe circunference) from
the total circunference and divide the nunber in half. Thi's
establishes the | ength of each side of the Holt Vee or Line Vee
heat pattern. |f the heat pattern is being laid out for a Vee
heat, then the maximum width of the Vee pattern nust be determ ned
(See Section 4 regarding Vee heat patterns). The pipe will nove in
the sanme direction or side containing the widest area on the Vee

7-3



heat pattern after cooling. A line parallel to the pipe axis should
be drawn across the w dest area of the Vee. Mark the center of
this |ine. Wth your flexible neasuring tape, neasure an equa

di stance from the center and perpendicular to the line around the
pi pe that distance which represents one half of the Vee heat
pattern and mark that point on both sides. These points represent
the torch starting position for the Holt technique on both sides of
the pipe. Next from these points, trace the travel path of the
torch during the heat and nunber or identify various points,
identically on both sides of the Vee. Wen traveling this path the
nunbering system can be communicated to the flane benders to
coordinate their travel speeds during the heat. See Figure 7.1.

EXAMPLE OF NUMBERING PARALLEL RUNS
OF A “VEE" HEAT (HOLT METHOD SHOWN)

THE REVERSE SIDE OF THE HEAT
FOLLOWS AN IDENTICAL PATTERN

By numbering both sides in the same way,
Twao operatars have a frame cf reference which
alows themn to coordinate ther respective heats
to run simutaneously

LI NE HEATI NG METHCD

Line spacing is appraximately 1* to 1-1/2*
| F]GUHE 7 1 MANBST.GME tl]:_llnm Mmdsaggm(mat;gsm grou'nd

e circurferenca of the pipe.

Wien using the line heat method, follow the same procedure except
nunbering would be [aid out along each straight Iine, gqually

spaced on both sides of the heat center |ine.
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METHODS TO CONTROL HEAT | NPUT

The methods to control heat input and the inportance of operator
skill level during field flame bending operations will be discussed
here. During nost pipe flane bending operations two torches are
used sinultaneously wth coordinated novenent. Wile some jobs may
be acconplished using a single torch, depending on the job
requirenent (i.e. pipe end circularity) use of two torches is
highly preferred in nost cases.

A nunber of methods to control heat input during flanme bending can
be enpl oyed such as; operator(s) torch calibration (adjustnent),
torch tip size, torch travel speed, size of the heated area
(traveling spot and Vee size), torch tip standoff distance, type of
fuel gas used and nost inportantly the skill |evel of the torch
operat ors.

Sin%Ie torch flame bending operations wll usually be confined to
such jobs as, inproving circularity of the diameter on the end of
a pipe, (Line heat nethod) possibly for weld joint fit up, matching
a mating surface or making m nor adjustnents in pipe deflection
using the spot heat nethod.

During dual torch operation the flane benders can, wth sone
experience, calibrate their torches by visually matching the flane
configuration on both torches. It is usually best to set one torch
to the desired heat (neutral flame) and then match the other to the
first. Oten tinmes both torches will need m nor readjustnent
during this process if both torches are connected to a "Y
connection froma single regulator. When Vee heat patterns are
required, laying out the direction and course of torch travel is
very beneficral. Nunmbering positions along the torch path help
provide uniform travel speeds by the flame benders calling these
nunbers out to each other during the heating cycle. This operator
communi cation technique is used when first establishing the heated
spot at the starting point of the heat whether for a Line or a Vee
heat. The flame benders announce to each other that they are at
“Dull Red”, Red Hot" or “Beginning to Mve”. Conmmuni cat i on
between the flane benders during the heating cycle is crucial for
mat chi ng the heat input on both sides of the pattern. If, for
exanpl e, one flame bender is at the nunber 2 position and the other
is almost at the 3 position then an adjustnent nust be nade m dway
t hrough the heating pattern without reversing the torch direction
or stopping (holdin% torch in one position). The bender who is
| aggi ng behind may be running a colder torch or possibly heating
that side of the pattern to a higher tenperature. In either case
the flame bender which is |eading should make an adjustnent by
either slow ng down, wthout reversing direction or by providing
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more space between the torch tip and_the work piece until the two
torches are running together again. The flame benders should never
try to adjust the heat of the flame, using the control valves,
during a heat. The best results can be achieved during a flame
bendi ng heat when both torches arrive at the center of the heat at
the sane tine.

HAZARDS DURI NG FLAME BENDI NG

During the initial on site job inspection an experienced flane

bender will assess whether hazards may. be present which coul d
i nfluence how the job is approached. ile all of the potential
hazards cannot be identified, sonme of the things one should be on
alert to notice are contained in this manual. Fire hazards are by

far the nost inportant hazard to be avoi ded.
Hazards can be present in many forns;

1. Paint on or near the conponent.

2. Insulation on or near the conponent.

3. Conbustible material below the flame bending
operation which could be ignited fromfalling sparks

or naterial.

Fl ammabl e materials stored in the i medi ate area.

Piping systenms or containers carrying conbustible

[iquids which will receive deflected heat.

Smal | cl osed containers that will be pressurized by

the heat of the torch

7. Electrical, mechanical, or pressure control devices

o ok

These are a few of the types of fire and flane bendi ng hazards
whi ch coul d be present. here are countless others, sone may be
specific to your conpany’s work environment. \Wen planning the job
include the tine and materials to protect against potential fire
damage. Al ways provide for adequate safety for those who will be
in the area and those preform ng the work.

There are other hazards which can be expected on sone but not all
fl ame bendi ng operations. Success w Il depend on how well the
fl ame bender can identify and protect against these unexpected
hazards. Control of nost i1ndustrial piping systens is acconplished
by using a wide variety of machinery, electrical, pressure and
tenperature sensitive conmponents (i e. gauges, valves, notors,
hydraul i ¢ equi pnent) many of which are extrenely susceptible to
damage by direct or indirect heat. The nost conmon heat danaged
itens, however, are electrical cables. They are easily overl ooked
and danmage is not always readily apparent due to the various types
of shielding in which they are wapped. Special precautions should
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al ways be taken when preformng flame bendi ng operations around
el ectrical cables.

Most fire hazards can be elimnated by either renmoving them from
the work area or w apping or covering them wth a fire
retardant/reflective nmaterial. It is further recomrended that a
designated fire watch be present during flanme bending operations.

If there is any question as to safety or fire hazards a safety
engi neer or environnental specialist should be consulted before
acconplishing the heat.

TARGETS AND STRESS LOADED PI PE

Under certain conditions pipe sections can be renoved fromtheir
installed piPing system | ocation and noved to a bench or slab to
perform the flane bending operation. This nmay be necessary if you
have poor accessibility or surroundi ng conponents coul d be heat
damaged during the flame bending operation. This is not a major
problemand in some cases it will be a beneficial. Having better
accessibility to all areas on the pipe or conponent shoul d Increase
success by allow ng placenent of heat patterns anywhere on the
conponent where heat may be needed. A mininmum of two targets, one
for each end of the conﬁonent wll be required. The targets are
necessary to establish the relative position of the both pipes ends
in which the pipe segnent nust fit when properly installed. Once
the ends are targeted the pipe segment nust be bolted or secured to
one end of the target to establish the pre-flane bending m smatch,

etc.. |f the pipe segnent is hangered (supported) in the field,
wth arigid type pipe hanger, it should be supported in the shop
wor k bench target arrangenent. Care nust be taken not to |oad

(force) the pipe segnent when establishing target supports in the
field or the workbench. Some pipinﬂ systens incorporate spring or
tension | oaded type pipe support hangers, (i.e. Steam or shock
protected systens). This type of pipe systemis difficult to
target for bench work. Never perform a heat on a pipe where a
| oaded hanger |ays between the heat and the pipe end as this could
drastically alter the predicted results of the heat. In general
hangers shoul d be renoved or di sconnected when possible.

Compression loading a pipe in the area of the heating pattern to
enhance the effects of a particular heat is usually beneficial if
setup correctly. Methods to conpression |oad pipe include wedges
(wood or netal), chain falls and hydraulic jacking equipnent,
virtually anything which will restrict expansion during the heating
cycle. The alignment of the loading to the desired direction of
movenment is critical. |If excessive force is applied it could cause
buckling of the pipe during application of the heat. Thi s
conpressive |oading technique should be used sparingly unti
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experience is gained on how to apply conpression loads. ldeally a

conpressive |load applied to a pipe, during flane bendi ng, i?_tg

restrict thermal expansion during the heating cycle. Any applie

| oad greater than that necessarﬁ to restrict pipe novenent during
e

the thermal expansion phase of t

_ _ heating cycle is unnecessary and
potentially hazardous to the pipe.

METHCDS AND EFFECTS OF FORCED COOLI NG

Forced cooling primarily speeds up the flame bendi ng process but

has very little beneficial affect on the amount of shortening that
takes place. It is always nore efficient to flame bend a cold plge
than a hot pipe. As a result of the rapid cooling nore heats can be

erformed in a shorter period of tine and results after heatswﬁan
e observed and neasured much quicker with fast cooling. en

working to very tight tolerances, it is recomended that final
measurements not be taken for a mninum of 2 hours after conpletion
of forced cooling. This allows the residual heat in the pipe or

conponent to stabilize

There are sone specific precautions which nust be considered if
forced cooling techniques are to be used. Wth few exceptions, the
forced cooling of a pipe or conponent by any neans shoul d not be
attenpted while visible signs (of Iight redness) appear on the
surface of the heated area. This is of particular concern when
flame bending ferrous alloys |ike carbon and chrone-noly steels
where base netal nechanical properties could be altered by
quenching. Mechani cal and netallurgical properties of 300 series

stai nl ess steels; however, w Il benefit fromimredi ate cooling
after heat source rempval. Mdst other non-ferrous alloys such as
monel , copper-nickels or inconel piping will not be inpacted
adversely from inmediate forced cooling. Always know the nmateri al
t f th i t heat nd th ffect f t ratur n

that mterial

A relatively clean and effective method of renoving heat from a
pipe is wwth a conbination of conpressed air and water (m st)

applied directly to the surface of the pipe. A good way to
acconplish this 1s with an air nozzle which can syphon water from
a reservoir through the nozzle where it is atomzed as it |eaves
the air gun. Fi%ure 5.1 is an exanple of a inexpensive effective
system Initial cooling pattern techniques should be just the
reverse of the heating pattern. Cool i ng shoul d proceed formthe
wi dest part of the Vee toward its apex. Another nethod of cooling
Is to wap water soaked rags around the pipe and bl owi ng conpressed
air either on or under the rags. Forced air or water soaked rags
by thenselves can be used for cooling but is nuch less effective. ”
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The danger of steam burns to the person using water soaked rags is
high. Wat ever the cooling sources used it should be moea
around the heated area after the initial high tenperatures are
reduced to several hundred degrees. It is inportant to understand
that the heat nust be renoved from the pipe before any further
heats can be applied. The pipe or conponent should be at anbient
tenperature before the next heat is nmade for the nost predictable
resul ts. No nore than three heats in the sane location is
recommended.

FI RST HEAT EVALUATI ON

After conmpleting all the sequential steps of: evaluation
i nspection; setup; layout; and heating the pipe, determne if the
desired results are being achieved. At the conpletion of the first
heat take the time to evaluate the results to see if the pipe or
conmponent is reacting to the heat in the predicted manner. Check
results against tenplates (targets) or if direct neasurenments are
used take new readings and conpare them against your original set.
| f bolt hole alignnent was the objective then insert the proper
installation bolt into all the holes. By takin? the time to asses
anticipated progress against actual progress valuable insight wll
Ee gained on how to proceed and the size and |ocation of subsequent
eats.

POST FLAME BEND | NSPECTI ONS

After the flanme bending operation is conplete, it iS tmetosel
the fit-up to whonever has control or authority over the joint or
conponent . It may at tinmes, after inifection by the cogni zant
authority be necessary to perform an additional heat or heats to
achi eve design requirenents. For critical applications, it is
recommended that final inspection be perfornmed several hours after
the system has reach ambient tenperature. |f additional heats are
necessary follow the sane procedures as for the first heat.

After the joint has been dinensionally accepted, non-destructive
tests should be perforned on those areas where heat was applied to
insure that no damage was done to the pipe or conponent.



| NTRODUCTI ON

Forces acting on the piping system nust be evaluated before
bendi ng. In sone cases loading on the area being heated can be
beneficial, depending on the anount of force and whether a
conpressive load is being applied. Loads on piping systenms can be
froma nunber of sources such as residual stress, self supporting
| oads (gravity) and external |oads (applied | oads fromjacks,
wedges and/ or cone-alongs). The affects of these |oads can have
drastic consequences on the flanme bending results.

SELF- SUSTAI NI NG LOADS

Heavy self-sustaining |oads &the wei ght of the systenL on vertica
pi pe can cause serious buckling of a pipe in the heated area.
External support is of little benefit in reducing self-sustaining
| oads on vertical pipe and if vertical loads (free standing) are
too large when an area is heated to excessive tenperatures, It is
possible to cause the conplete collapse of the piping wall. It
nust always be kept in mnd that increased tenperatures reduce the
ability of the pipe wall to carry |loads w thout buckling. External
support may be used to support horizontal runs of pipe. Heavy,
| ong horizontal runs of pipe should be supported at their
extremties in order to reduce excessive conpressive stresses in
the area to be heated. This will mnimze potential buckling or
pi pe col |l apse. There are cases where the self-sustaining |oads
caused the area being heated to be placed in sufficient tension to
count eract bendi ng heats. This condition may be reduced or
elimnated by the use of external support such as cables or jacks.



EXTERNAL APPLI ED LOADS

External applied |oads may be used to elimnate self-sustaining
tensile loads or to reduce excessive conpressive self-sustainin

| oads on areas to be flanme bent. However, excessive externa

conpressive loading on areas to be heated is probably one of the
nmost comon causes of unacceptabl e buckling of pipe wall. In nost
cases, external applied |loads are very beneficial. However, these
applied | oads should be kept to a mninmm and shoul d be used
basically to restrict thermal expansion during the heating cycle.

This wll cause additional conpressive strains to be placed on the
area being heated. If it is possible during the initial evaluation
to determne where to apply heats and the nunber of areas to be
heated, then no permanent fixed external |oads such as foundations
or hangers should be |ocated in the system between the heats and
the free end of the pipe. On conplicated systens with nultiple
prel oaded spring hangers, this may not always be possible.

RESI DUAL STRESS

Internal loads in the piping system as a result of its
manuf acturing can contribute to unexpected and potentially
unacceptable results from flame bending. Residual tensile stresses
due to cold bending, cold formng, uncontrolled heating and cooling
of the pipe can occur in areas to be heated. H gh residual stress
can result in little or no pipe deflection after the first heat.

If small dianeter pipe is being flane bent, reverse bending is
actually possible as a result of pre-existing residual stress. If
hi gh residual stress is anticipated, it can be addressed using
ﬁxter$aj | oading to assure conpressive loading in the area to be
eat ed.



Section 9

HEALTH
AND
SAFETY

- |

Fl ame bending requires the use of oxy-fuel gas equipnment and is
consi dered hazardous with the potential for fire, explosion, fumnes,
exhaust, and high tenperatures. Accidents involving personnel and
property damage may result if safety and equi pnent handling
precautions are not practiced.

A thorough know edge is required of the
equi pnent’s use and limtations.

Wrk areas must be free of conbustibles
when practical.

Wrk areas nmust incorporate adequate fire control
measures such as proper fire extinguishers and,
in many instances, a fire watch.

Paint, oil, and other coatings shall be
removed fromsurface to be heated to
m nimze hazardous funes and contam nati on.

Each flame bending application should be
evaluated as a potentially closed area for
relief of heat-expanded gas and noxi ous funes.

Ventilation is necessary for work
in confined areas.

Extra precautions should be taken in extrenely
confined work conditions where the operators
exit may restricted or torch hoses may inadvertently
cross heated areas.

Personal protective equi pnent should be worn.
Proper precautions should be taken to avoid

burns from heated material and steam that
Is created during the cooling cycle.



Equi prent should be fitted with recommended
gages, torch tips, and hoses for the work
to be performed and the gases to be used.

Equi pnent should be in good working order and
properly maintained.

Torches should be equi pped with flashback
arresters and qui ck disconnects when
wor ki ng in confined spaces.

Only mechanical friction lighters designed
for oxy-fuel torches should be
used for torch ignition

FueI/CMngn sources should be protected
from heat, checked regularly for |eaks,
and secured in an upright position,.

Wrk area atnospheres should be nonitored
for explosive and oxygen deficient conditions.
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10.

11.
12.

13.

14.

15.

Safety is a primary consideration for personnel and equi pment.
Approach the job the same way each time (primary concept
app). Consider the affects of flane bending on related

syst ens.

Use only trained and qualified personnel.

Assure that the desired results can be achieved by flane
bendi ng.

Determne if shortening of material is acceptable before
attenpting to use a flame bending technique.

Determine if base nmetal can be flanme bent w thout damage to
the material.

Assure that the system pipe is unrestrained during initial
evaluation for suitability for flame bending.

Determine correct heating nethods/patterns for pipe wall
diameter, nmaterial and buckling stability.

Assure adequate equi pnent is available to performthe flane
bendi ng, cooling and pipe measurenent.

Assure that consistently accurate neasuring systens are used
before and after heating.

Determ ne system acceptability requirements before bending.

Don't overheat pipe. (ie; large red areas, surface melting,
scal i ng)

Doq’t reverse travel direction or stop during the heating
cycle.

Don’t apply cooling techniques until pipe is below 1000°F (No
light is being emtted/redness).

Don't heat pipe with |arge self-sustaining | oads w thout
addi tional support.

10-1



16.

17.

18.

19.

20.
21.

22.

23.
24,

25.
26.

27.
28.

29.

30.
31.
32.
33.

Fl ame bend copper, cast iron or hot short materials is not
reconmended.

Speci al precautions are necessary for stainless, HSLA HY
80/ 100, quenched and tenpered, age hardened materials.

Don't heat with pipe hangers, branch connectors, foundations
or other undesirable restraints between the heat |ocation and
the free end of the pipe.

Don't apply heat on unclean surfaces.

Don't “Vee" heat pipe in sane |ocation nore than three tines.

Pi pe wal | thicknesses should not exceed 5/8" when heated from
one side.

Final determnation for acceptance should not be until a
m ni mum of hours after cool down.

Don't attenmpt all desired nmovenent in one heat.

For critical systemns (Hi%h pressure, Hi gh tenperature, Steam
etc) post bend inspect by VI/PT/ M.

Correct for parallelismlast where practical.

Ensure all possible hanger adjustnent and conponent novenent
adj ustnents have been made prior to heating to correct an
unaccept abl e condition.

Never apply flame bending to pipe that doesn’'t require it.

Use nodel s and/or nock-ups where practical before heating
pi pe.

Do not attenpt flange rotation for bolt hole alignnent by
fl ame bendi ng.

Know the m ninum design requirenents for alignnent.

Record in witing the starting neasurenents.

Moni tor and record novenments in process.

Stop when minimum alignment requirenents have been net. Don't
strive for perfection.

10-2



38.

39.

40.

40.

41.

Never put flane bending operators in harnmis way.

Never apply a spot heat in the sane place tw ce.
Never heat a pressurized system

Never heat a closed container without roomto expand to avoid
devel opi ng high pressures.

Never heat a container that contains or has possibly ever
contai ned flanmabl e, expl osive or toxic substances.

Al ways acconplish ahand over hand check (inspection) of pipe
s¥sten1to the free end of the pipe to assure that it isfree
of branch connections, pipe hangers or other forms of
restraint.

Renove hazardous material from around the flame bending
operati on.

ﬁlways | ayout heat |ocation/pattern prior to commencing first
eat .

Al ways use single orifice torch tips.

10-3



APPENDI X A TYPI CAL FLAME BENDI NG PROCEDURES

The follow ng procedures are typical of those which mght be used
for the production flame bending of pipe. Caution should be taken
to insure that these procedures or procedures simlar to themare
not inplenmented wi thout proper operator training conducted and the
procedure being properly qualified. Aso special consideration
must be given to the affects of shortening the |engths offlpi pe

bei ng heat ed. Preplanning is an inportant part of any

_ _ ame
bendi ng operati on.



1. THIS SPECIFICATION CANCELS AND SUPERSEDES WELDING PROCEDURE

SPECIFICATION NO. REV.

WELDING PROCEDURE
SPECIFICATION

2. DATE 3. No.
01

4. SUBJECT

Holt Technique for Flame Bending Alignment

of 2"-12" Diameter Pipe.

5. HEAT PROCESS 6. FLAME SETTING

Oxy-Fuel Heating Most Base Metals - Neutral
CRES - Qlanhflv Oxidizing

wRoS VAL LD

7. PROGRESSION
See attached Steps.

8. BASE METAL (SPECIFICATION & THICKNESS)
CFe, CMo, CuNi, CRES, CrMo
Up to 12% diameter

9. FUEL GAS
1st choice - Acetylene
2nd choice - Mapp

10. MIL-STD-278 “S" GROUPS
s-1, §-3, S-4, §-5, -8, §-34, $-42,

1. FUEL GAS FLOU RATE

Ddlll¢ UULIl I.Ul Lllcb-

12. TORCH ADJUSTMENT

Two flame bending operators are required.

The same size gas welding tips shall be used by both operators.
Gas flow rates and flame setting shall be adjusted to match.

13. RESTRAINT/FORCE
Minimum restraint shall
be used.

14. TORCH
Airco 800 or equiv.

Torches may be adjusted using a calibration block. 15. TIP SIZE
n

orifice.

17. TRAVEL SPEED
As required to produce a

16. BASE METAL HEAT TEMPERATURE (DULL RED)

TYPICALLY 800°F MIN 1150°F MAX " dia. dull red heat.
18. POST HEAT COOLING (CRES requires forced cooling) 19. OPERATOR QUAL.
Air, water or water mist cooling is permitted below 1000°F. Note 1.

20. CLEANLINESS: THE HEAT AREA PLUS 1" OF SURROUNDING BASE METAL SHALL BE FREE OF ANY FOREIGN MATERIAL;
SUCH AS OIL, GREASE, MOISTURE, PAINT LAY-OUT DYE ETC. APPROVED CLEANERS, SUCH AS ALCOHOL, MAY BE USED TO

REMOVE GREASE AND OIL MECHANICAL CLEANING MAY ALSO BE USED.

22. INTENDED USE:
This procedure is intended for
precise, low residual stress bending,
where alignment, parallelism, and
weld joint fit-up are required to be
within tens of thousandths of an
inch.

21. AUTHORITY FOR USE:
This procedure can only be used when specifically authorized by
cognizant authority for each case.

23. INSPECTION
DRTAN TA UCATIUMA. YVIGQHIAL
RAe FRIVR 1V NCARIING. VioUALL

FOR b L
B. DURING HEATING: VISUALLY INSPECT "v® HEAT AREA FOR CLEANLINESS. Clean to bright metal. Preform an
informational PT inspection on critical systems.

C. AFTER HEATING: VISUALLY INSPECT THE HEAT AREA. PT inspect heated areas on critical systems and PT
inspect visually questionable areas on non-critical for cracks.

D. VISUAL INSPECTION: No tracks or signs of melting are acceptable. Rejectable conditions should be
evaluated as to end-use impact and repaired as practical.

24. REMARKS AND/OR NOTES:

1. The mechanic shall be a trained flame bender, who has demonstrated the capability of performing produc-
tion work. ALl flame bending qualifications shall be performed on a test simulating a typical produc-
tion joint for flange alignment and parallelism. Benders shall also receive a shop written test on the
fundamentals of flame bending and to demonstrate their awareness of cognizant procedures. Any operator
who has not flame bent pipe during any 6 month continuous time shall be required to requalify.

PREPARED BY (Signature) BRANCH HEAD REVIEW (Signature) DISTRIBUTION

APPROVED BY WELDING ENGINEERING DIVISION HEAD (Signature)
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Page 1 of 4



1.

THIS SPECIFICATION CANCELS AND SUPERSEDES WELDING PROCEDURE WELDING PROCEDURE
SPECIFICATION

2. DATE 3. No.
SPECIFICATION NO. REV. 0001
25. PROCEDURE FOR FLAME BENDING ALIGNMENT

Step 1 MEASUREMENT - The Lead Shop shall be responsible for measuring and recording mismatch dimensions of
flanges between the pipe flange and target or matching flange. Make sure that the pipe section to be
aligned is free to move, and not rigidly held by hangers or other restraint. Determine point of
greatest mismatch of the flange with a target or mating surface, Figure 1. Mark the flange at this
location as Point #1 and record this dimension. Flange parallelism is to be measured at 90° incre-
ments. The location of minimum and maximum gaps shall be marked on the flanges and the gaps shall be
recorded (Figure #2).

Mark and label each reference point to allow consistant data recording through-
out the flame bending process.

—! €— OUT OF PARALLEL

| DETERMRE THE POINT

—— | —1 OF THE GREATEST OFFSET

W p
TR THIS 15 POINT £1

WWB1CHF

FIGURE 1

OUT OF PARALLELISM =
MAX GAP — MIN GAP

*’ MAX GAP

- |~ outoF
PARALLELISM

MWB2.GMF *l
l—
MIN GAP

Step 2 REQUIRED ALIGNMENT - Determine at this time exactly what has to be aligned. If it is to make the
boltholes line up, realize that flame bending cannot rotate the bolt pattern. Also it must be -
realized that flame bending always shortens the length of the pipe. This can cause permanent mismatch
of flanges when bending pipe runs at 90° angles to flanges. Alignment target should be located to

require the minimum movement to just meet the minimum governing fabrication document.

FIGURE 2

WPS 0001

Page 2 of 4
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1. THIS SPECIFICATION CANCELS AND SUPERSEDES WELDING PROCEDURE WELDING PROCEDURE
SPECIFICATION

12. DATE 13. No,
SPECIFICATION NO. REV. | | 0001

Step 3 HEAT LAYOUT - An experienced or trained flame bender will determine the location of the pivot hinge
of the pipe. The area to be flame heated shall be clean of paint, oil, etc. If the inside of the
pipe is accessible, the marine life should be scraped off and cleaned. The flame bender WILL then lay
out a standard vee heat pattern (Figure 3 and 4). These lines should be fairly accurate and marked on
the pipe with a permanent marks-a-lot black ink pen, chalk, soapstone, or other marker which endures
flame temperatures.

STANDARD “V" PATTERN — HOLT TECHNIQUE
STOP HERE:

L
-

{ % TRAVEL SPOT SHOULD BE
“o’ ABOUT THE DIAMETER
OF A NICKEL

NEVER STOP OR REVERSE
TRAVEL PROGRESSION

— START HERE (LIGHT DULL RED
A HEAT SHOULD BE USED AS A
TEMPERATURE GUIDE)

VEE HEAT PATTERN
FIGURE 3

Step 4 PRESTRESSING- The lead shop using force (jack, port-a-power, etc.) shall push or pull the pipe flange
towards its desired location (point #1) about 3/16"-1/2" depending on the ease of movement and the run
of the pipe. The pipe shall not be moved past its desired final location. This load is put on the
pipe to create higher compressive stresses in the heated area during the heating cycle and therefore
provide more movement per heat. Check to see that the pipe can be moved prior to applying force (no
hangers, dead weight, or bolts still in the flanges, etc.). This prestressing shall be accomplished
prior to heating and no additional force shall be applied during heating.

MNBA.GIF

0y
{8

codur
N cedur
of an external mechanical force.

Step 5 PRACTICE HEAT - Heats 1A and 1B are to be made at the same time by operators on oppossite side of the
pipe. (Figure 4).

e does not allow or infer use of oxy-fuel process to heat and bend a pipe by use

HEAT #1A 1) Two V" heats must be made concurrently, one on each
side of the pipe by two operators traveling at the
same speed.

2) Once heating is started don't stop, as over-heating
? Wwill result and bending will not be uniform.

3) Do not travel backwards. Travel at a smooth and
HEAT #1B TOP VIEW uniform rate that will just cause a dull red heat.

(Feathering the torch back and forth is not
permitted.)

FORCE IN DIRECTION OF 4) Insure that all metal is heated to a dull red heat.
DESIRED MOVENENT This is accomplished by moving the heated spot in

| the pattern shown and not by heating the whole "v"
to a red heat at one time.

5) A practice heat shall be made on a piece of scrap of
the same type of base metal before performing pro-
duction bending.

HEAT §18 SIDE VIEW
'REAT #1A ON REVERSE SID!
UFB3.CHF STARTS AT THE SAME TIME

HEAT APPLICATION FIGURE 4

UPS 0001
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1. THIS SPECIFICATION CANCELS AND SUPERSEDES WELDING PROCEDURE WELDING PROCEDURE
SPECIFICATION

2. DATE 3. No.
SPECIFICATION NO. REV. 0001

Step 6 FIRST HEAT/COOL CYCLE - Two experienced or trained flame benders start simultaneously at opposite
sides at the apex ends of the »W" heats. The benders shall use oxy-fuel heating torches with a single
orifice tip (#7, #8, or #10 depending on wall thickness and material reaction to heat, etc.). The
travel speed and heat input is critical and should be established before starting on the actual job by
practicing on scrap material. Traveling at the desired travel speed, the flame benders . meet at the
center at the wide end of the "WV heated patterns. The torches are extinguished. Using air, water or
a water/air spray mist, the pipe is cooled to ambient temperature. The pipe (See CRES exception)
shall be allowed to cool sufficiently so that the heated area is no longer red (i.e. below 1000°F),
then force-cooled to ambient temperature using air, water or a water/air spray mist.

CRES pipe shall be force-cooled immediately after the heat is completed.

Step 7 REMEASUREMENT - After cooling release the force on the flange and measure point #1. The pipe must be
at a near uniform ambient temperature before measuring. If movement is not in the direction antici-
pated or desired, evaluate movement and relocate heats to achieve requirements..

Step 8 - 1f more movement is desired, re-apply force on point #1 and reheat the same "V* area until desired
movement is obtained for proper flange alignment.

Step 9 - Repeat steps as necessary to get required alignment. If at any time, the desired results are not
obtained from the flame heating, stop and determine cause of unpredicted results.

WPS 0001
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WELDING PROCEDURE

1. THIS SPECIFICATION CANCELS AND SUPERSEDES WELDING PROCEDURE
SPECIFICATION
2. DATE 3. No.
SPECIFICATION NO. REV. 0002
4. SUBJECT
Line Heating for Flame Bending Alignment of Large Diameter Pipe.
5. HEAT PROCESS 6. FLAME SETTING 7. PROGRESSION
Oxy-Fuel Heating Neutral See attached Steps.
8. BASE METAL (SPECIFICATION & THICKNESS) 9. FUEL GAS
ist choice - Acetylene
CuNi Approximately %" wall and diameter greater than 12" 2nd choice - Mapp
10. MIL-STD-278 “S" GROUPS 11. FUEL GAS FLOW RATE
S-34 Same both torches.
12. TORCH ADJUSTMENT 13. RESTRAINT/FORCE
Minimum restraint shall be
Two flame bending operators are required. used.
The same size gas welding tips shall be used by both operators. 14. TORCH
Gas flow rates and flame settlng shall be adjusted to match. Airco 800 or equiv.
Torches may be adjusted using a calibration block. 15. TIP SIZE
#8 or 10 single orifice.
16. BASE METAL HEAT TEMPERATURE (DULL RED) 17. TRAVEL SPEED
As required to produce a
TYPICALLY 800°F MIN 1150°F MAX M dia. dull red heat.
(1%"-3"ipm)
18. POST HEAT COOLING 19. OPERATOR QUAL.
Air, water or water mist cooling is permitted below 1000°F. Note 1.
20. CLEANLINESS: THE HEAT AREA PLUS 1" OF SURROUNDING BASE METAL SHALL BE FREE OF ANY FOREIGN MATERIAL; SUCH AS

OIL, GREASE, MOISTURE, PAINT, LAY-OUT DYE,
AND OIL.

ETC. APPROVED CLEANERS, SUCH AS ALCOHOL, MAY BE USED TO REMOVE GREASE

MECHANICAL CLEANING MAY ALSO BE USED.

21.

AUTHORITY FOR USE:
This procedure can only be use
........ ithanidw Farn Aanmh A
UUSIIILGIIL GULIIUI vy 1w TaAwiIl W

d when specifically authorized by

22. INTENDED USE:
This procedure is intended for precise,

low residual stress hnprhnn' where

alignment, parallelism, and weld joint
fit-up are required to be within tens of

thousandths of an inch.

23. INSPECTION

A. PRIOR TO HEATING: VISUALLY INSPECT FIT-UP JOINT FOR CLEANLINESS AND JOINT DESIGN COMPLIANCE.

B. DURING HEATING: VISUALLY INSPECT "“V" HEAT AREA FOR CLEANLINESS. Clean to bright metal. Preform an informa-
tional PT inspection on critical systems.

C. AFTER HEATING: VISUALLY INSPECT THE HEAT AREA. PT inspect heated areas on critical systems and PT inspect
visually questionable areas on non-critical systems for cracks.

D. VISUAL INSPECTION: No cracks or signs of melting are acceptable. Rejectable conditions should be evaluated as
to end-use impact and repaired as practical.

E. ADDITIONAL INSPECTION: SHALL BE AS REQUIRED BY AUTHORIZED INSTRUCTIONS. .

24. REMARKS AND/OR NOTES:

1. The mechanic shall be a trained flame bender, who has demonstrated the capability of performing production work.
All flame bending qualifications shall be performed on a test simulating a typical production joint for flange
alignment and parallelism. Benders shall also receive a shop written test on the fundamentals of flame bending
and to demonstrate their awareness of cognizant procedures. Any operator who has not flame bent pipe during any
6 month continuous time shall be required to requalify.

PREPARED BY (Signature) BRANCH HEAD REVIEW (Signature) DISTRIBUTION

APPROVED BY WELDING ENGINEERING DIVISION HEAD (Signature)

WPS 0002
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THIS SPECIFICATION CANCELS AND SUPERSEDES WELDING PROCEDURE WELDING PROCEDURE
SPECIFICATION

2 NATE 2 (1P
Ce VAILD de NO.

PECIFICATION NO. REV. 0002
PROCEDURE FOR FLAME BENDING ALIGNMENT OF MAIN SCOOP EXPANSION JOINTS

'p 1 MEASUREMENT - The Lead Shop shall be responsible for measuring and recording mismatch dimensions of flanges
between the pipe flange and target or matching flange. Make sure that the pipe section to be aligned is free
to move, and not rigidly held by hangers or other restraint. Determine point of greatest mismatch of the
flange with a target or mating surface, Figure 1. Mark the flange at this location as Point #1 and record
this dimension. Flange parallelism is to be measured at 90° increments. The location of minimum and maximum
gaps shall be marked on the flanges and the gaps shall be recorded (Figure #2). Mark and label each reference
point to a ar ng throughout the flame bending process.

point to allow consistant dat
—->|<—-0UTU:WRNE1

[1]
Q
o
=
[o )
_.u

R
) P

DETERMINE THE POMT
I OF THE GREATEST OFFSET
THIS IS PONT #1

MIS' JAICH

VA1 ONF '

FIGURE 1

OUT OF PARALLELISM = / \

MAX GAP — MIN GAD—
»‘ MAX GAP
+ | outor ¢
| |

PARALLELISM

MWB2.GMF _._l
l—
LN OAD
: i r

FIGURE 2

p 2 REQUIRED ALIGNMENT - Determine at this time exactly what has to be aligned. If it is to make the boltholes
line up, realize that flame bending cannot rotate the bolt pattern. Also it must be realized that flame
bending always shortens the length of the pipe. This can cause permanent mismatch of flanges when bending
plpe runs at 90° angles to flanges. Alignment target should be located to require the minimum movement to

itict moat tha minimm navarninea fahnicatiam daniimamse



1. THIS SPECIEICATION CANCELS AND SUPERSEDES WELDING PROCEDURE WELDING PROCEDURE
SPECIFICATION

2. DATE 3. No.
SPECIFICATION NO. REV. 0002

Step 3 HEAT LAYOUT - An experienced or trained flame bender will determine the location of the pivot hinge of the
pipe. The area to be flame heated shall be clean of paint, oil, etc. If the inside of the pipe is accessi-
ble, the marine life should be removed. The flame bender will then lay out a standard line heat pattern
(Figure 3). The middle line (#1) will be 3/4 of the pipe circumference long.. The middle section of the line
pattern shall be about 6-8" wide. Use 5 or 7 lines about 1-1%" apart and the proper length to establish a
Weel pattern (Figure 3). These lines should be fairly accurate and marked on the pipe with a permanent
marks-a-lot black ink pen, chalk, soapstone, or other marker which endures flame temperatures.

TOP VIEW SIDE VIEW

Middle of V-heat  /|\ \ [ 1/
about 6-8" wide. /l» \ \ /

\,

~
//\

#

Line #1 goes about__/

3/4 of the way around
the pipe.

Note: For clarity, the Vee-heat pattern shown on the pipe is not to scale.
TYPICAL LINE HEAT PATTERN FIGURE 3

Step 4 PRESTRESSING - Check to see that the pipe can be moved prior to applying force (no hangers, dead weight, or
bolts still in the flanges, etc.). This prestressing shall be accomplished prior to heating and no additional
force shall be applied during heating. Using force (jack, port-a-power, etc.) push or pull the pipe flange
towards point #1 about 3/16%-1/2" depending on the ease of movement. The pipe shall not be moved past its
desired final location. This load is put on the pipe to create higher compressive stresses in the heated area
during the heating cycle and therefore provide more movement per heat.

NOTE: This procedure does not allow or infer use of oxy-fuel process to heat and bend a pipe by use of an
external mechanical force.

Step 5 FIRST HEAT/COOL CYCLE - Two experienced or trained flame benders start simultaneously at opposite ends of
line 1 and heat toward the line center. As an alternative, line heating may also proceed from the widest area
of the Vee toward the apex. The benders shall use oxy-fuel heating torches with a single orifice tip (#8, or
#10 depending on wall thickness and material reaction to heat, etc.). The travel speed and heat input is
critical and should be established before starting on the actual job by practicing on scrap material.
Traveling at the desired travel speed, usually 1% to 3 ipm, the flame benders meet at the center at the center
of line #1. The torches are extinguished. The pipe shall be allowed to air cool sufficiently so that the
heated area is no longer red (i.e. below 1000°F), then force-cooled to ambient temperature using air, water or
a water/air spray mist.

Step 6 REMEASUREMENT - After cooling release the force on the flange and measure point #1. The pipe must be at a
near uniform ambient temperature before measuring. If movement is not in the direction anticipated or
desired, evaluate movement and relocate heats to achieve requirements..

Step 7 PRESTRESSING - Re-apply force on point #1 as in Step 4.

Step 8 SECOND HEAT/COOL CYCLE - Flame heat line #2, then without cooling, immediately heat line #3. Extinguish
torches, cool pipe and release load stresses.

Step 9 REMEASUREMENT - Repeat Step 6.

Step 10 PRESTRESS, THIRD HEAT/COOL CYCLE - Re-apply force on point #1 as in Step 4. Flame heat lines # and #5,
cool pipe and release load stresses as in Step 8.

Step 11 REMEASUREMENT - Repeat Step 6.
Step 12 - If there are additional heat lines, apply prestress as in Step 4 and perform heats then cool pipe.

Step 13 - Release all load on pipe. Repeat Step 1. Note direction of movement and repeat Step 2. If additional
alignment is required the angle of force may have to be repositioned to get the desired line of movement.

Step 14 - Repeat Steps 3 through 13 as necessary to acheive required alignment. If at any time, the desired results
are not obtained from the flame heating, STOP and determine cause of unpredicted. results.

WPS 0002
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APPENDIX B OPERATOR TRAINING AND QUALIFICATION

CERTIFICATION TEST WRITTEN

The following is a recommended written examination with typical
questions for certification of flame bending operators. The exam
should have the name, personnel identification number and the date
the exam was given. A passing score of 80 percent should be
required and recorded on the test. Any questions missed should be
thoroughly discussed with the flame bender.

FLAME BENDER FINAL EXAM WITH ANSWERS

DATE:

NAME:

IDENTIFICATION NUMBER:

SCORE:

1. Q. WHAT FIRST MUST BE ADDRESSED BEFORE STARTING FLAME BENDING?

A. CLEANLINESS, ACCURATE MEASUREMENTS, LOCATING AND LOADING OF
PIPE HANGERS AND SPECIFICATION REQUIREMENTS.

2. Q. WHICH TECHNICAL CODE SHOULD BE PRESENT PRIOR TO AND TO
WITNESS FLAME BENDING OF CRITICAL PIPING?

A. CODE 138 (WELDING ENGINEERING) OR THE COGNIZANT AUTHORITY.

3. Q. WHAT TYPICAL SIZE AND TYPE OF TORCH TIPS ARE RECOMMENDED
FOR FLAME BENDING FERRITIC METALS 1/2" TO 5/8" THICK?

A. #7, #8, OR #10 SINGLE ORIFICE.

4. Q. WHAT BASE METAL TEMPERATURE IS RECOMMENDED FOR FLAME
BENDING OF PIPE?

A. DULL RED OR 800°F MINIMUM TO 1150°F MAXTIMUM (EXCEPT CRES).
THE MAXIMUM Temperature RECOMMENDED FOR 300 SERIES
STAINLESS STEEL IS 800°F.

B-1
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10.

11.

12.

13

14.

BELOW WHAT TEMPERATURE MAY A WATER M ST BE USED FOR
COOLI NG?

LESS THAN 1000°F OR WHEN NO DULL RED COLOR |I'S PRESENT.

VWHAT DOES FLAME BENDI NG DO TO THE WALL TH CKNESS AND LENGTH
OF PI PI NG?

| NCREASE THI CKNESS, SHORTENS LENGTH.

VHAT ARE THE TWO PRI MARY APPROVED HEAT PATTERNS USED I N
FLAME BENDI NG AND FOR WHAT SI ZE PI PE?

HOLT "V' HEATS FOR 211 TO 12" DI AMETER PI PE, LINE HEATS ARE
USED FOR 12" DI AMETER AND LARGER THI N WALL PI PE.

VWHY ARE HOLT VIl HEATS PREFERRED OVER LI NE HEATS ON SMALLER
DI AMETER PI PE?

V HEATS ARE MORE EFFI Cl ENT AND PREDI CTABLE ON SMVALLER
DI AVETER Pl PE AND SMALL DI AMETER PI PE IS LESS SUSCEPTI BLE
TO BUCKLI NG
VHY ARE LI NE HEATS USED ON LARGE DI AMETER PI PE?

LI NE HEATS ARE MORE PREDI CTABLE ON LARGE DI AMETER PI PE AND
W\)l'll-l ljl'ﬂll_ls\l VWALL PI PE SEVERE BUCKLI NG CAN RESULT FROM HOLT
CAN A Pl PE FLANGE BE ROTATED USI NG THE TRADI Tl ONAL FLAME
BENDI NG TECHNI QUES?

NO

VHAT THREE | NSPECTI ONS ARE TYPI CALLY REQUI RED WHEN FLAME
BENDI NG PI PI NG SYSTEMS?

| NFORVATI ONAL PTS BEFORE FLAME BENDI NG AND REQUI RED PT
AFTER FLAME BENDI NG (VI - FOR CLEANLINESS PRIOR TO
HEATI NG PT - PRIOR TO HEATING VI/PT - AFTER HEATI NG

VHY MUST YOU HAVE TWO FLAMEBENDERS TO DO FLAMEBENDI NG?
CONTROLLED UNI FORM HEAT AND DI RECTI ON OF MOVEMENT.

ONCE YOU START A FLAMEBENDI NG HEAT SHOULD YQU STOP OR GO
BACKWARDS? WWHY OR WHY NOT?

NO WLL CAUSE OVERHEATI NG AND BENDI NG MAY NOT OCCUR | N

DESI RED DI RECTI ON OR THE DESI RED DEFLECTI ON W LL BE LESS
THAN ANTI Cl PATED.
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15.

16.

17,

18.

19.

20.

21.

22.

23.

VHAT | S THE RECOWENDED W DTH FCR “V’ HEAT?

4" NMAXIMUM | S RECOMMENDED W TH APPROXI MATELY 30 DEGREE
| NCLUDED ANGLE FOR THE HOLT TECHNI QUE AND 5" TO 8" FOR LINE
HEATS.

VHAT MUST YOU DETERM NE BEFORE LAYOUT OF HEAT PATTERN?
THE DI RECTI ON OF MOVEMENT AND PI VOT H NCGE SI ZE.

MAY FORCE BE APPLI ED WHEN YOU ARE DO NG A HEAT PATTERN?
EXPLAI'N

YES, BEFORE BENDI NG A SLI GHT LOAD CAN BE APPLI ED, HOAEVER
DURI NG HEATI NG NO ADDI TI ONAL LOAD MAY BE APPLIED. LOADI NG
'S TO PROVI DED COVPRESSI ON FORCES |IN THE AREA TO BE HEATED
(I., E ., INCREASES TH CKENI NG). DO APPLY ADDI TI ONAL FORCE
DURI NG THE HEATI NG CYCLE.

HOW DO YOU DETERM NE LENGTH OR CENTER OF A “V' HEAT OR LINE
HEAT?

BY MEASURI NG THE QUTSI DE Cl RCUMFERENCE AND USI NG 3/4 OF THE
'(I':(E)TAL LENGTH, 1/2 OF THE 3/4 TOTAL LENGTH WLL G VE YOU THE
NTER.

CAN YOU APPLY MORE THAN ONE HEAT TO THE SAME AREA?
IF SO HOW MANY?

YES BUT USUALLY NOT MORE THAN THREE HEATS I N ONE LOCATI ON
ARE RECOMVENDED AS LOCALI ZED BUCKI NG MAY OCCUR.

FI AVEBENDI NG | S BASED ON RESTRI CTED THERVAL EXPANSI ON
DURI NG HEATI NG AND FREEDOM OF THE METAL TO CONTRACT AFTER
HEATI NG DURI NG COCLING (TRUE OR FALSE?).

TRUE

VWHO MUST BE NOTI FI ED BEFORE FLAME BENDI NG PI PI NG ON SURFACE
SHI PS?

THE COGNI ZANT FLAME BENDI NG TECHNI CAL AUTHORI TY.
VHAT ARE THE | NSPECTI ON REQUI REMENTS ON SURFACE SHI PS?

VI SUAL | NSPECTI ON BEFORE AND AFTER. | F A DEFECT |'S FOUND
OR SUSPECTED, PT I NSPECTION IS REQUI RED.

CAN NEUTRAL FLAMES BE USED?

YES, ON STAINLESS STEEL THEY ARE RECOMMENDED, OTHERW SE A
SLI GHTLY REDUCI NG FLAME | S RECOMMENDED.
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24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

>

> O = O > O

fe

VWHAT IS THE SI GNI FI CANCE OF TWDO OPERATORS HAVI NG THEI R
OXY/ FUEL RATES SET THE SAME?

UNI FORM TRAVEL SPEEDS AND HEAT APPLI ED THEREFORE UNI FORM
BENDI NG,

VWHY SHOULD NEUTRAL FLAMES BE USED?

TO PREVENT OXI DATION (OXI DI ZI NG FLAVE) OR TO PREVENT
CARBURI ZATI ON ( CARBURI ZI NG FLAME) .

HOW DO YOU KNOW WHEN YOU HAVE A NEUTRAL FLAME?

A NEUTRAL FLAME WLL HAVE A BLUE I NNER CORE THAT COMES TO
A SHARP PO NT.

CAN CALI BRATI ON BLOCKS BE USED TO ADJUST TORCHES? | F so,
HOW?

YES. BY HEATING ONE SIDE OF A G VEN SIZE PLATE AND
MEASURI NG THE TI ME TO REACH A CERTAI N TEMPERATURE ON THE
OPPCSI TE Sl DE.

VHY IS WATER M ST COCLI NG PERM TTED?

TO SPEED UP THE COCLI NG PROCESS SO MEASUREMENTS CAN BE
TAKEN. | T DOES NOT APPRECI ATI VELY AFFECT THE AMOUNT OF
SHRI NKAGE.

HOW CLEAN MUST METAL BE PRI OR TO HEATI NG?

TO BRI GHT METAL.

VHEN MUST VI SUAL | NSPECTI ONS BE ACCOVPLI SHED?

AFTER EACH HEAT. NO MELTI NG OR CRACKS ARE ACCEPTABLE.
FLAMVE BENDI NG | S | NTENDED TO SHAPE PI PE FOR MAJOR BENDI NG?

NO LARGE MOVEMENTS CAN BE OBTAINED BUT IT IS | NTENDED
FOR FI NE ADJUSTMENT WHERE ACCURACY CONTROL | S NECESSARY.

CAN BCOLTI NG PATTERNS BE ROTATED BY FLAME BENDI NG?
NO

| F THE INSIDE OF Pl PE I S ACCESSI BLE, WHAT SHOULD BE DONE
BEFORE BENDI NG?

CLEANED | F PCSSI BLE.
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34.

35.

36.

37.

38.

39.

o > O F

SHOULD HEATI NG PATTERNS ALWAYS BE LAID OUT PRIOR TO
HEATI NG? ( EXPLAI N)

YES. TH'S I'S TO PROVI DE UNI FORM HEATI NG PATTERNS AND
TECHNI QUES WHEN TWO OPERATORS ARE USED. TH S HELPS PROVI DE
UNI FORM BENDI NG,

EXPLAIN THE USE AND PURPCSE OF JACKS, COME-A-LONGS (I.E.,
SLI GHT FORCE)

TO PROVI DE A SLI GHT COVPRESSI VE FORCE I N THE AREA BEI NG
HEATED TO CREATE THE MAXI MUM RESTRAI NT ON HEATED METAL,
THEREFORE MAXI M ZI NG THE AMOUNT OF BEND OR SHORTEN NG PER
HEAT

HOW SI GNI FI CANT | S THE TEMPERATURE OF THE MEMBER AFTER
FLAMVE BENDI NG TO ASSURE ACCURATE MEASUREMENTS?

THE TEMPERATURE IS VERY SIGNFICANT FOR CRITICAL
APPLI CATI ONS. THE TEMPERATURE SHOULD BE UNI FORM TO THE
HAND TOUCH AND VERY CLOSE TO AMBI ENT TEMPERATURE.

DO MULTI BEND SYSTEMS (I.E., EXPANSION LOOPS) REQUI RE EXTRA
CONSI DERATI ON?

YES.
FOR HELP W TH COWPLI CATED SYSTEM5 WHO SHOULD BE CONTACTED?
THE COGNI ZANT FLAME BENDI NG ENG NEERI NG CCDE.

I N WHAT CONDI TI ON SHOULD PI PI NG SPRI NG HANGERS BE | N BEFORE
FLAME BENDI NG | S COMMVENCED?

ALL SPRI NG HANGERS MJUST BE PROPERLY | NSTALLED AND ON HOT
SETTI NGS.
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APPENDIX C FLAME BENDING CASE HISTORIES

CASE HISTORY 1: Reducing The Diameter Of A Die Nut

BACKCROUND: This case history involves the reduction in size of the
cutting diameter of a large diameter die nut used to cut threads.
The die nut being quite large and having close tolerances on the
thread diameter was found after machining to be .004 inches too
large in diameter and unacceptable for use. Because of the cost
and the time to manufacture a new die nut it was decided to reduce
the diameter by flame shaping.

el

ROHNTOUE: F C1.1 exhibits the die nut before flame heating

TECHNIQUE: ibits the die nut befor lan eating
and also shows a thermal expansion restraining fixture which was
used to reduce the diameter of the nut. The restraining fixture was
made entirely of flame cut mild steel base metal and no pieces were
machined.

('f(D

FIGURE Cl.1
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An approxi mati on of the mninumtenperature necessary to reduce
the dianeter of the nut by 0.004 inches can be estimted by solving
the follow ng equation by estimating the plastic yield strain
tenperature to be 475°F, the coefficient of thernmal expansion to be
0. 000008 in/in/°F and the anbient tenperature to be 60°F.

0.00411 = thermal expansion - yield strain
0. 004 = . 000008(Ti-60) - .000008(475)
0.004" = (coef. of thermal expansion) X (ldeal tenperature
the conpressive thernmal expansion yield
tenperature - anbient tenperature)
| deal tenperature = 0.00411/coef.of thermal expansion +

conpressive thermal expansion yield
tenperature °F + 60°F

= 0.004/0.000008 + 475°F + 60°F
= 500°F + 475°F + 60°F
= 1035°F

The die nut was than placed in the restraining fixture and heated
uniformy to approximately to a red heat 1200°F to 1300°F while
taking care to mnimzing heating of the restraining fixture.
Since during heating the die nut was not allowed to expand
diametrically outward it was required to plastically flow
throughout its thickness. The end result is a thicker die nut that
Is a smaller diameter die nut at room tenperature. The nut inside
di aneter was reduced by 0.007 inches which provided enough netal
for a light clean-up cut and it was saved for use.

This is a classic exanple of restricted thermal expansion of a
metal resulting in permanent plastic deformation(yielding) and
after deformng having freedomto contract on cooling.
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CASE H STORY 2: FLAME BENDI NG OF LARGE CAST STEEL PIPE FI TTI NGS

SCOPE : This case history covers the realignment of we|ld distorted
exhaust manifolds using the flane bending technique. The cast mld

steel manifolds were clad welded in areas to conpensate for |oss
wal | thickness due to corrosion. The alternative to flane bendin

was to cut an existing pipe butt weld, realigning the manifold an
rewel d. The rewel ded pipe weld joint would have required a
Radi ogr aphi ¢ | nspection (RT). The manifolds were successfully
realigned by flame bending.

BACKGROUND: The exhaust manifolds were cast mld steel (ML-S
15083, Grade B). The manifolds had corroded away aﬁproxinately 1/ 4
inch of its wall thickness. The lagging covering the nanifolds was
occasionally soaked with sea water which increase normally expected
corrosion rate.

The four manifolds were taken fromthe ship to shop where they were
fitted to heavy steel plate fixtures étargeted). The outside of
the manifolds were laid out in a grid pattern and U trasoni cal
Test ed (Uﬂ) for wall thickness. Those areas bel ow design wa
thickness [imts were clad welded using the Gas Metal Arc Wl ding
(GVMAW process. The manifolds were renoved from the targets for
this wel ding.

Subsequent fitting of the manifolds back into the targets showed
that three of the manifolds did not fit their targets due to weld
distortion and shrinkage.

The production shops decided that nmost of the m salignnent could be
made up with additional clad welding of the flange surfaces. The
one area that presented a mmjor problem was the. distance between
centers of the two outlet holes (See Figure C2.1).

f«——drawn this —]
dimension smaller
FIGURE c2.1 by about 3/16" — 5/8"
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This distance had pull ed together from 3/16 inch to 5/8 inch on
three of the four manifolds.

Since any cutting and rewelding for alignment would require RT
examnation, it was decided to try flame bending the manifolds.

Four flame benders began practicing on a nock-up to become famliar

wi th the equipnent,
equi pnment each bendert hueset avel Spﬁbeéjelanéjodm&kl nr'gapt otrhc - ‘With &

#12 single orifice tip.

The area to be heated was Magnetic Particle (Ml Inspected t
any heating and after the final heat. : . prior to
sai i sf act orgy The MP inspections ygre gf|

A Holt V-heat pattern was laid out inside and outside (See Figure
FZ. 2). Tr?e maxi mum wi dth of the V-heat pattern was approxi mately
our inches. he V-, patterns

circunference of the mani extended aro

out in a grid work of nunbered SJ res r\ﬁatth ptaﬁéefﬂgl &\@rﬁaﬂgf’npghg
nunbers corresponding with the outside pattern.

QUTLET
FLANGE

T \<:\~£? O
V-~hect pottern Igid
inside and outside

FIGURE c2.2
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Wth two torches inside and two outside, the four torch operators
nove together sinultaneously, shouting their grid |ocations,

traversing the V-heat pattern, ending at the wide area of the “V'

After the heat was allowed to cool from approximately 1000-1200 F
to about 600-700 F, an air hose with a water spray attachpent was
used to cool the manifold to roomtenperature. Prior to heating,

a wedge was driven into the gaﬁ between the two flanges to provide
conpressive strain on the V-heated area. The wedge was al so
tightened up during the heating cycle.

Some heats seemto give no neasurable novenent, while others were
over 1/16 inch novenment. Usually eight to 10 heats woul d nove the
flanges apart 1/4 inch.

After flame bending, the manifolds fit the targets.

CONCLUSI ONS ¢ This flanme bending job went well because of the
coordinated effort put forth by the four torch operators.
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CASE HISTORY #3: Reducing the Diameter of a Main Propulsion
Shaft Sleeve

A centrifugally cast Monel sleeve about 100" long by 20" in
diameter and 1" thick was machined on the inside diameter (ID) to
provide a precise interference fit over the seal area of a main
propulsion shaft. See Figure C3.1. After machining, the ID was
found to be oversized by about 0.030" beyond allowable tolerance.
It was decided that since the sleeve was scrap in its present
condition, an attempt should be made to shrink the shaft using the
concepts of flame bending (i.e.: use torch heating to thicken the
material, shorten the circumference and thereby reducing the ID.

Ly

[ Y

e

The unusual challenges presented by this case were:

a. The sleeve ID must be made uniformly smaller. In other words,
the heat must be carefully controlled to heat evenly around the
diameter and down the length. Uneven heating would cause an out-
of-round condition or a bend of the sleeve.

b. The 100" length of the sleeve presented a problem with getting
a torch on the inside to reach at least half way down the length
and stay perfectly in synch with the outside torch.



FLAME BENDI NG FOR ACCURACY CONTRCL

c. The heat absorbed by the sleeve presented a potential safety
problem Since the entire surface would need to be heated w thout
stopping to cool, the heat accunulation, especially on the iInside
could potentially turn the sleeve into an oven and nelt the oxy-
fuel gas lines and cause a fire or explosion

d. The 11" thickness of the sleeve posed a problemw th being able
to heat conpletely through the thickness. Wthout heating and

plastically flowng the material conpletely through the thickness,
the circunference would resist shortening.

Even heating was the nost crucial part of making this job a
success. To assure the sleeve was heated evenly, it was set up in
a lathe with the torches nounted on the tool carriage. Wth this
setup, a line heat travels in a continuous spiral around and down
the length of the sleeve. The lathe allowed precise control of the
rotational speed of the sleeve (torch travel speed%_and amount of
torch traverse per revolution (line spacing). he result was

uriforn1heating around the circunference and down the length of the
sl eeve.

To reach down the length of the sleeve, the torches were placed on
the end of two channel beans one on the inside and one on the
outside. The beans were |ong enough to extend a little over half
way into the sleeve. The torches were adjusted to be exactly

opposite each other and have the hottest part of the flame inpinge
the surface of the sleeve.

For the heat to penetrate the
entire thickness, two torches
were used to heat the sane

Unperetrated material

spot from both si des. o maeang
Heating from both sides is

commonl done when t he

material is over 5/8" thick. £

Since the sleeve was 1°

thick, two torches with very 2

large tips (#13) were needed.
| f t he heat does not

Penetrated materia!

penetrate the thickness, the shariens and thickens
unheated material wll resist

thickening of the wall, MWB47 GMF
shortening of t he | FIGURE C3.2

circunference and shrinking
of the ID. See Figure C3.2.
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ML} ¢ s g e v
P, - e &
N 4

To shield the torches and hoses from the heat, the beans were
covered with a heat resistant cloth. A r/water sprayers were
al so used to mnimze the heat accumrmul ation as well as increase
the tenperature gradient across the heated area. Four sprayers
were used, one forward and one behind each torch. See Figure
C3. 3.

Pr ocedur e

Torch Size; # 13
16 inches per

1“ set tool carriage for 1°

mnute (4.4 mnutes per revolution)

‘Travel Speed:
traverse per.revolution

Li ne SPaci nq:

C-8
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Set Torch Settings: Set the torch fuel gas and oxygen for a
slightly carburizing flame. Use a plate of same material and
thickness to set flame and torch to work distance. Once the
flame is set, turn the torch off using cutout valves located at
the base of the tool carriage. Do not lose the throttle valve
settings at the torch.

Starting Technique: To avoid melting the edge, start the torches
5/8" in from the edge while rotating and traversing. Use the
cutout valves to start the torch and quickly open them wide to
the preadjusted settings of the throttle valves.

Safety Precautions: Use flashback arresters, and place quick
disconnect fittings in easily accessible locations.

Results.
Outside Diameter l Inside Diameter A " Walt Thickness

Before m Before After Change

) . 20.021 20.003 .018 1.075 1.081 .006

| 20.022 20.000 .022 1.077 1.081 .004

I 20.017 19.985 .032 1.077 1.081 .004

20.017 19.976 041 1.076 1.081 .005

| 20.016 19.971 .045 . || 1.076 1.082 .006

20.014 19.974 040 1.077 1.082 .005

20.015 19.974 .041 1.077 1.084 .007

20.014 19.974 .040 1.078 1.084 .006

20.015 19.974 .041 1.078 1.083 .005

Length Before Heating: 102 3/16"
Length After Heating: -101 13/16"
3/8"

Note that the end is flared. Near the sleeve end, the area under
the torch is free to shorten lengthwise but the diameter is
restrained by the surrounding material. Because of this
restraint, the wall thickening is accommodated more by shortening
of the sleeve length than shortening of the circumference.
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Case History # 4: Spot Heat to Straighten Stainless Steel
Tubes

Flame bending can be used very successfully for precision
straightening of tubing. The method used should match the amount
of straightening required. Several examples are given for tubes
of various lengths, diameters and wall thicknesses. See Figure
c4.1.

ROTATE SHAFT I‘ % "

CHUCK

CENTER

TIR = Maximumn Dial Indicator Reading — Minimum Dial Indicator Reading
MWBA8,GMF

FIGURE 4.1

General Procedure.

Step 1. Measure the Bend. The first step (as with all flame
bending) is to find out how far the part is out of
tolerance. To do this, the tube must be supported at
both ends and must be unsupported in the middle. In
this way, the tube can be rotated and a dial indicator
can be used to measure the bend at various points along
the length. Before taking measurements, adjust both
ends so that the total indicator runnout (TIR) at the
ends is as close to zero as practical. After the ends
are zeroed, take TIR readings every foot or L/10
whichever is more measurements.

Step 2. Plot the TIR readings versus distance from one end. If
the TIR readings are not within tolerance continue with
steps 3 through 7. See Figure 4.2.

0.120"

0.100"
" |
0.080" P —
0.060" L
0.040" ?//‘“// \\\\
A N

0.020"
: N\

A

MWB49.GMF
CHUCK CENTER

FPIGURE C4.2
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Step 3.

Determine the Iocation and Size of He Using

)

straight edge and the latest plot made in step 2,

Compare the curvature of each increment of the sleeve.
The size of the heat should be based on the severity of

the bend, and whether the bend is gradual or
concentrated.in one area of the tube. For example, if
a tube has a maximum runnout of .100" and the plot
shows a kink in one area, then a line heat predicted to
give .080" correction should be used. If the tube had.
.100" maximum runnout but in a gradual bend, then 8
spot heats giving an average of .010" "ﬁrveﬂ*’nﬂ re
spot should be dispersed to match the bend of each
n

ments indicated on the nlot

Sdita AR LT Add sl

H

de o\ N AL L

" .
increment. Straight incr

oD el T4 il Adilw

de of the tube, (the side
reading). Sometimes
p the reverse direction will

a walTS NLLCTl L LVl WAL L

show up on the plot. As shown below, these increments
should be heated on the opposite side. See Figure
C4.3.

FIGURE

MWBS50.GMF

0.120" .

0.100" 3/ v -
4
0.080" -

0.060"

-
0.040" /(

) 3 e
5 \.

CHUCK CENTER

3
.

0.020"

C4.3

NOTE
NOTE

Heat size in order of increasing movement:

spot heated for a short time,

spot heated longer time,

short line less than 1/2 the tube circumference,
longer line less than 1/2 the tube circumference,
longer line more than 1/2 the tube circunference,
shorter line more than 1/2 the tube circumference,
narrow vee using Holt method

wider vee using Holt method

It is best to compare the configuration and required

movement with known movement achieved by a prior job.
If no comparisons are available, it is recommended to
use the method which will give the most conservative

results and adjust later or simulate the job using a

test piece prior to attempting the production job.
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Step 4.

Step 5.

Step 6.

Step 7.

Mark the areas to be heated. Mark the heat |ocations

on the plot. The mark should indicate the size of the
heat and the side heated. Mark the | ocations to.be
heated on the tube. Renenber always heat the bowed out
si de.

Check for Freedom of

Movenent.  The part $3ﬂﬂ$2$“*— to allow expansiot
should be free to grow in bmdmw during heating

| ength and bend while >
heated. Restriction wl|

interfere with predicted

movement. |f the tube is . >
in a lathe the tailstock h
shoul d be | oosened enough

to allow for expansion Mwas1. G

and contraction of length

during heating and FIGURE C4.4

cooling. Never use a

chuck and a center on the sanme end since this wll

resist bending. It is best to use round stock as shins

bet ween the chuck jaws and the tube to allow the tube

22 pivot freely on the shins when bending. See Figure
4,

Calibrate the flame. Using a test block of simlar

material type and thickness as the tube, adjust the
flame as necessary to heat the block to a predeterm ned
tenperature in a predeterm ned anount of time. For
exampl e 200°F in 10 seconds. Apply the hottest point
of the flame to one side and nmeasure the tenperature on
the other side directly opposite the flame. If the
tenperature is reached too slowy or too fast, adjust
the flame. Cool the test block to anbient tenperature
between torch adjustnents. Calibrating the flame is

I nportant since an accurate prediction of the novenent
Is possible only if each heat is consistent.

Heat each Location. Heat each location using a flane

calibrated in step 6. For spot heats, each heat should
be timed as predetermined in step 3. Spot heats should
never be less than two spot dianeters from a previously
heated spot, see section 4. After heating, continue
again wth step 1 and 2.
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Results. -

Here are four examples of tubes of various sizes and bows showing how
they were heated and how they responded. -

1,100" . S N I

1.000" R ~ 1,

FaYadaYalll I

0.60G0 Vi N

0.500 ,/// ‘\\

0.400" |/ i i | \\\
/ ] ¥ 1 1 AN

0.300" / I e S AN

0.000" = | | b A\iﬁb:::tlx

\
TF
[
FEATI FLAME SETTNG T™E
"W opeckseotvrmec [ PTC
300 secies staciess plate {soc)
1 7O0F at 25 sec. 0

Example 1.

Stainless Steel Tube 2 7O0F at 25 sec. 2
Length: 40 feet s 200°F at 10 sec. 10
Diameter: 6 inches

718 4 200 F at 10 sec. 7

Wall Thickness: 1/2%

Total Indicator Runnout: 1.062%"
Heatina Method: Q'nn'l- heats

2T R wldsy SaT iU s - ad TR o

Flame Calibration: 200° F in 10 seconds
Heating Time per Spot: 20 seconds for first two sets, 10 seconds for
the third heat, 7 seconds for the forth heat

C-13
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Exanpl e 2.

Stal nl ess Steel Tube

Length: 20 feet

Dianeter: 9 inches

Wal | Thickness: 3/4"

Total Indicator Runnout: 0. 062"
Heating Method: Spot heats

Fl ame Calibration: 200°F in 15 seconds

Exanpl e 3.

Stainless Steel Tube.

Length: 14 feet

D ameter: 4 inches

Wl | Thickness: 1/4°

Total Indicator Runnout: 0.062"
Heating Method; Spot heats

Flame Calibration: 600°F in 10 seconds

Exanpl e 4. _

tal nl ess Steel Screw Press Bearing Journal
Length: 18 feet

D ameter: 6 inches

Val | Thickness: 1/2"

Total Indicator Runnout: 0.062"

Heating Method: Line heats then spot heats
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Case History # 5: L
m

Flame bending has very successful for correcting an out-of-

al
round condltlon. This condition can only be corrected by heating from
the inside. When heated from either side, the pipe wall will expand
outward in the area heated but will be restrained by the surrounding
unheated pipe which wants to remain at the original size. See Figure

C5.1.

A

| Diameter will expand when heated
TENSION

BENDING
TEMP

COMPRESSION

nad v Jnheated material will
restrain giametricai
growth of hegted area

\ \ COMPRESSION / 74
HEATED FROM NSIDE o

Compression from diametrical
expansion aids

HEATED FROM QUTSIDE

Tension from_diametrical
expansion offsets
compression_ from
circumferential
expansion

compression_from TENSION

circumferantia I e : MT] X 3, i , :
circumferential . when heats
expansion WES2. GV +Ulometer wili expand when heatsd

FIGURE cs.1

Because of this restraint during heating,the inside surface is in
compression and the outside surface is in tension regardless of
whether heated from the inside or from the outside. Since the
upsetting (plastic flow) occurs when the heated area is compressed
against the surrounding material, a heat from the inside will work to
increase compression loading; whereas, a heat from the outside will
work against the desired compression loading and tend to increase
tension loading on the tube inside diameter.

An example of this is a tube which was counterbored four inches into
the tube on one end so a vee-packing seal would f£it. Since the
counterbore was out-of-round, the vee-packing wouldn't seal. The heat

aiwa nnaﬂnﬂ +to correct the nnnﬂﬁ'l-'ln'n was Aa"l-am-lnarq 'hxr comnl atines
L= Y < A= & A N s A, Nt Nad b ANA ey e A A e e A VVJIIE-&\-—\—-L*&”

tests on a pipe of similar size. It was determined that the proper
amount of correction could be obtained using line heats, a #6 1-1n and

Plaa VL LTV LUYRALR T VALALLTRN Lo lily ST Ll es RS Qdila

traveling as fast as possible while melting a 500°F temperature crayon
mark on the outside surface.

Q
|
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FLAME BENDING FOR ACCURACY CONTROL

-.Measurements at Tube End || Measurements 4" into Tube
.Before |After | After - | Before | After After
~Heating | 1st - | 2nd .- Heating | 1st 2nd
.. .| Heat.: Heat =~ . . | Heat Heat
0° 13.947 13.972 13.978 13.966 14.006 14.012
15° 13.969 13.995 13.974 14.012
30° 13.993 14.003 ) 14.002 14.015 14.015
45° |l 14.009 14.005 14.002 14.014 14.0095 | 14.008
90° 14.018 14.003 14.020 14.001 13.999
of- il 0.071 | 0.033" 0.024° | 0.054.7| 0.014 0.016
Rounc.: o Y - 1

After the first heat, the tube was well within tolerance 4" into the
tube but was still out of tolerance at the tube end. (This is similar
to the flare seen on the shaft sleeve of Case History #3). The second
line heat extended only 2" into the tube. This short line
concentrated the movement on the end and had very little affect on the
dimensions 4" into the tube. The dimensions were within tolerance
after the second heat.-

In hindsight, the second line probably should have been done 180° from
the first heat to avoid bulging only one side; however, it was thought
that the grease fitting on the OD would interfere with the heating.
Welding of the grease fitting may have been what caused the out-of-
round condition in the first place. In which case, the first heat may
best have been placed on the grease fitting side not 180° from it.
There are often several ways to fix a part but only experience (a lot
of trial and error) can prepare an operator to achieve the best
results.
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Case History # 6. Line Heats to Adjust Control Valve Flange
Paral l el ism

RePair wel ding of the external surface of a |ow carbon steel control
val ve body caused the connecting flanges to distort out of parallel

To correct this condition, |line heats were done on the flange neck
Location of the line heats were as shown in the following sketch. The
wall thickness was about 5/8" in the area heated.

_/ ] —(_’T*

Mark per Step 2

Make Line
er Step 3

FI GURE Cc6.1

Procedur e:

Step 1. Measure the distance between flanges to determ ne the anpunt
of out-of-parallel distortion and determ ne the exact
| ocation of mninum and maxi mum val ues. Record these
starting values for reference. _

Step 2. Mark the side which needs to be pulled closer, (the side
with the maxinumvalue). If a [ine heat has already been
made, nake the mark on the flange neck opposite to the
previous line heat. Subsequent marks mght be rotated
slightly or may be 180 degrees fromthe previous nmarks. See
Figure C6.1. _

Step 3. Make a Line on the flange neck u5|n% a soapstone
approxi mately 1“ fromthe flange. he line length shall be
aﬁprOX|nater 2/ 3 of the flange neck circunference, and
shall be centered on the mark nade in step 2.

Step 4. Heat using an oxy-fuel torch with a # 8 single orifice tip
and a neutral flame. Start heating on one end of the line.
After the spot under the flame becones in?htIy red and
grows to aPproxinate[y the size of a nickel, begin nmoving
the spot along the line at a rate which will nmaintain the
spot width. Waving is not allowed. Progress to the mark
whi ch indicates the center of the line and stop. Using the
same technique, immediately heat the second half of the line
starting at the second end and again stopping at the line
center mark. After the part is below 600°F, cool to room
tenperature using forced air or wet rags.

C 17



FLAME BENDING FOR ACCURACY CONTROL

Step 5. Remeasure the distance between flanges to determine the
change of parallelism. Record the minimum and maximum
measurements with the corresponding number of line heats
previous to the measurements. If the distortion is within
allowable tolerances, then stop here. If the flanges are
not within tolerance, continue with step

Step 6. Adjust the line length After the first line heat, the
length of the line may be shortened to one half the
circumference minimum if less correction is needed. Continue
with step 2 on the opposite flange from the one previously
heated.

Results.

Clock Distance Between
Position of || Flanges
Measurement
(see Before | After
Sketch) Heating | Line
Heat
12 o'clock || 13.959" | 13.946"
3 o'clock || 13.949" | 13.941"
6 o'clock || 13.940" | 13.946"
9 o'clock [l 13.951" | 13.941"
Parallelism || 0.019" 0.005"
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APPENDIX D LABORATORY TEST RESULTS OF HEATS

STANDARD COMPARISON OF
MATERIAL AND HEAT CYCLES

AFTER HEATING WITH VEE TORCH PATTERN
8" CAREON STEEL
VEE WIDTH
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DEFLECTION EFFECTS OF HEATING % 1iuting one area more than

FILE: COMPARES THE SAME AREA FIVE (5) TIMES three (3) times is not .
recommended due to buckling.



LINE HEATS DOWN (TOWARD APEX)
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LINE HEATS UP (AWAY FROM APEX)
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